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ABSTRACT 
The stereochemical outcome of the Peterson olefination 
reaction was studied using o(-trimethylsilylbenzyl carb- 
anion and a series of N-aliphatic/aromatic azomethines. 
All reactions led stereoselectively to trans-olefins in 
moderate to low yields. The Peterson intermediate was 
isolated when neopentylideneaniline was used at room 
temperature. This intermediate, on treatment with base 
or acid, gives the corresponding trans-alkene and tri- 
methylsilylphenylmethane, thus providing unambiguous 
evidence for the reversibility of the first step in the 
olefination process. 
Silyl-substituted aziridines were synthesised using ther- 
molytic and photolytic reactions between - chloromethyl- 
trimethylsilyl carbanion and N-benzylidenepropylamine or 
N-benzylideneaniline. The former system gave cis-l-propyl- 
2-trimethylsilyl-3-phenylaziridine in moderate yield and 
the latter gave trans- and cis-1-phenyl-2-trimethylsilyl- 
3-phenylaziridine (1: 1) in good yield. 
These silylaziridines were shown to undergo ring-preser- 
ving reactions on alkylation, protonation or desilylation. 
Further, on reacting with nucleophiles such as hydrogen 
halides and trimethylsilyl reagents, ring-opened products 
are formed. The silylaziridines react analogously to 
silyl epoxides with hydrogen halides; these involve an 
Sy2 mechanism and lead to the corresponding ring-opened 
adduct which reacts further to give the protonated deri- 
vative. 
Silylaziridines react with trimethylsilyl iodide to give 
the trans-ß-silylenamine via an SN1-type process and do 
not react with trimethylsilyl- chloride, bromide or pseu- 
dohalides. 
Trans- and cis-l-phenyl-2-trimethylsilyl epoxides react 
with trimethylsilyl halides via an S2 mechanism to give 
F-haloolefins whereas 1,1-diphenyl-2-trimethylsilyl 
epoxide reacts with trimethylsilyl halides or pseudohali- 
des to give 1,1-diphenyl-2-trimethylsilylenol ether in 
quantitative yields via an SN1 process. However, 2-tri"- 
ýmethylsilyl-l-oxa&piro[2,5]octane gives the f-pseudoha- 
loolefin via an SN2 mechanism on reaction with trimethyl- 
silyl pseudohalides; tran -/ci-l-phenyl-2-trimethylsilyl- 
epoxides give the corresponding olefin with trimethysilyl 
azide and the corresponding adduct with trimethylsilyl 
cyanide. 
The impure isomers, obtained from the reaction between 
c-l-propyl-2-trimethylsilyl-3-phenylaziridine and 
(+)-1,1'-binaphthalene-2,2'-diyl hydrogen phosphate were 
separated by fractional crystallisation and shown to be 
optically active. 
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1. 
1. Silicon in organic synthesis 
1.1 Introduction 
Since the preparation of the first organosilyl compound, 
chlorotriethylsil. ane, in. 1904-by Kipping1 the trialkyl- 
silyl group has been the subject of much interest in 
organic chemistry. 
Initially it was primarily used to confer volatility in 
gas chromatography and to provide characteristic fragmen- 
tation in mass spectrometry. '3 However, in the last 
? 
twenty years its value has increased considerably in 
synthesis. This is partly due to the recognition of the 
ease of silylation and desilylation which makes it ideal 
as a protective group. 4-7 Further, -its stabilising influ- 
ence on carbonium ions in the P-positions8 and anions in 
the oC-positions9 and its directing effect 
10-11 
on subs- 
titution and elimination makes it a powerful synthetic 
tool. This is enhanced by the ability of the silicon' 
moiety to migrate to electronegative centres12 and of the 
silicon atom to increase its coordination number. 
13 
The preparation of several heterocyclic compounds has 
been achieved via the silyl derivatives. 
14 Electrophilic 
substitution on alkynyl-, vinyl-, allyl- and aryl-silanes 
l0 lead to a wide range of compounds. -12 
1.2 Influence of silicon in oraanosilicon compounds 
The behaviour of silicon in organic synthesis is attri- 
butable to its relative bond strengths with. heteroatoms, 
2. 
its electronegativity and to the availability of its 
empty d-orbitals in bond formation. 
Silicon forms weaker bonds with carbon or hydrogen than 
carbon whereas with the other listed elements, silicon 
forms stronger bonds (Table 1.1). 
Table 1.1 Average bond energies (KJ/mol) 
17 
C Si 
H 413 320 
C 345 306 
N 304 365 
0 357 463 
F 485 594 
Cl 339 406 
Br 284 316 
I 219 234 
The very high bond energy of SiO is especially signifi 
cant in that silicon compounds are generally easily 
hydrolysed. 1 
Carbon readily forms multiple bonds with other atoms but 
silicon does not. Hence hydrolysis of R2SiCl2 leads to 
Si-O-Si rather than the originally proposed Si=O. This 
preferential formation of Si-0-Si rather than the Sim 
is due-to the much greater bond strength of 2Si-O bonds 
compared with Si0. On the other hand, 1,1-dihydroxy 
carbon compounds decompose to give C) and H2O. 
The reactivity of the Si-X group (where X= C, H9.09 Cl, 
3. 
3r and I)18 towards nucleophilic reagents has been 
correlated with the ionic bond energies of these Si-X 
bonds (Table 1.2). 
Table 1.2 Ionic bond energies (KJ/mol) 
18 
Si 
CHQF Cl Sr I 
914 1044 1093 992 795 748 700 
The ionic bond energy is defined: as the sum of the energy 
required to place a positive charge on silicon (ionisation 
. potential) and a negative charge on X (electron affinity). 
The ionic bond energies generally agree with the trend 
of reactivities of the various bonds e. g., SiI r SiBr >- 
SiCl>SiO>SiH>SiC. Despite these correlations it is 
believed that the reactivity of organosilicon compounds 
stems from the ability of silicon to form 5-coordinate 
intermediates readily. 
On any electronegative scale silicon is more electronega- 
tive than carbon. On the Pauling scale, for example, the 
values are: §ilicon 1.8 and carbon 2.5 with hydrogen 
being at 2.1. This suggests that the Si-C bond cleaves in 
the direction of Si+-C under electrophilic attack at 
silicon. 
Further, the Si-C bond is more polarised than the H-C 
bond20 and therefore organosilicon compounds are expected 
to be more reactive than hydrocarbons. Indeed, it has 
been shown that when a C-H bond is cleaved by a particular 
reagent, the corresponding C-Siºtiie3 can be similarly 
but more readily cleaved. 
4. 
It has been shown 
21-23 
that in several cases, silicon, 
unlike carbon, can expand its coordination shell to 
accomodate more than four ligands. This is attributed to 
the low-lying vacant d-orbitals on silicon which are 
not readily available on carbon. Although five-coordi- 
nate carbon species have been postulated these are rare. 
In contrast, many five- and six-coordinate silicon 
species have been fully characterised by 
single crystal X-ray crystallography. 
These low-lying d-orbitals are said'to account for the 
considerable reactivity of organosilicon compounds. 
24 
An anion d to silicon is stabilised by (p-d)* back- 
bonding between the filled p-orbital on the carbon and 
the empty d-orbital on the silicon. 
8 This is suffi- 
ciently strong to stabilise many d-silyl carbanions. 
Generally though, the carbanion is further stabilised 
by adjacent electron-withdrawing substituents. 
Silyl substituents are known to stabilise carbonium ions 
in the P-position (ß-effect). Two explanations 
have been 
proposed for this effect. 
In one case a bridging mechanism is invoked. This has 
been demonstrated independently by Jarvie25 and Eaborn26 
in the reisolation of the starting material from partial 
solvolysis of . 2-promo-2,2'-dideuterio-l-trimethylsilyl- 
ethane (1) and 2-hydroxy-2,2'-dideuterio-l-trimethyl- 
silylethäne. (2). (Scheme 1.1). 
5. 
Scheme 1.1 
Me3Ci 
CDD 
f/ HH Br . i!. I ý; (1) ý Br- - 
HHDD 
Me, ' iDDL- -ý 
C 
HH OH 
(2) 
Me3Si ;D 
C --- C HH 
Br 
+ 
Me3Si HH 
C -C 
DD 
Ir 
a 
In each case partial migration of the silyl group takes 
place. A detailed study of these results led to the 
proposal of a mechanism which involves anchimerically- 
assisted ionisation of the n-C-Br bond. 
In the other case the stabilisation of the ß-carbonium 
ion is explained by hyperconjugation. This is said to 
involve R3SIh. C 0 bond overlap with the empty p-orbital 
of the carbonium ion, giving (p-a-): + conjugation. 
The proposed involvement of the Si-C linkage can be 
understood if one - recognises the 'high degree-of polarisa- 
tion of the Si-C -bond which ensures a high electron 
coefficient on the carbon. Consequently it results in 
a greater ability to stabilise an adjacent electron- 
poor centre by orbital overlap. In addition the Si-C 
bonding orbital is higher in energy than a C-H or C-C 
bonding orbital and therefore the energy match with the 
empty p-orbital is more favourable. 
6 
Some observations which may support the proposals 
regarding the hyperconjugation of the Si-C moieties with 
electron-poor centres and the involvement of the silicon 
d-orbitals in back-bonding lie in the electron-donor 
and electron-acceptor properties of the trimethylsilyl 
group. When the trimethylsilyl group is directly linked 
to a R-system it behaves as an electron-acceptor. 
27 
For 
instance, p-trimethylsilyl substituted anilines are less 
basic than their corresponding unsubstituted analogues 
as are the silyl substituted phenols more acidic 
(Table 1.3). 
Table 1.3 Electron-attracting effect of the MeSi group28 
Arylsilane pKa at 25' 0C 
R R---1H =H 
4.62 
3 
-R = SiMe3 4.36 
R Rý\ NHMez =H 
4.35 
-R = SiMe3 3.98 
R =H 10: 85 
Rýý OH 
R= SiMe3 10.64 
On the other hand, when the trimethylsilyl group is 
linked to aliphatic amines, there is an increase in their 
basic strengths whereas when they are bonded to carboxy- 
lic acids there is a decrease in their acidic properties 
29 
(Table 1.4)°. 
7 
Table 1.4 Electron-releasing effect of the Me3Si group29 
Ka at 25 °C 
Me3Si-CH 2NH2 
Me3C-CH2NH2 
10.96 
10.21 
Me3Si-CH2OO0H 
Me3C-CH2O00H 
5.22 
5.00 
Hyperconjugation30 is also accompanied by coplanar arrange- 
ment of the interacting Or-bond and the axis of the 
electron-deficient T- or p-orbital (3). 
[M; 
% 
0 
(3) 
0 
Any other arrangement leads to reduced Si-C '? overlap. 
Evidence of. coplanarity arose from the observation that 
the analogous, organostannane (4), where the Sn-C cannot 
overlap with the 1r-orbital of the benzene ring, has an 
identical charge transfer spectrum to its unsubstituted 
analogue. 31 
cw 
(4) R= SnMe3 or H 
8 
Values for the Hammett substituent constants from 
reaction rates and charge-transfer spectra have been 
derived for the range of substituents shown in 
Table 1.5.19 
Table 1.5 Some Hammett substituent constants r for 
19 
P 
R Reaction Rates Charge-transfer spectra 
Me- -0.31 - 
Et- -0.51 -0.25 
(Me3Si)3C- -0.52 - 
e3SiCH2- -0.54 -0.62 
CH3CONH- -0.58 -0.60 
(Me3Si)2CH- -0.62 - 
ep- -. 78 -0.74 
It can be deduced that the electron-donating: effett of 
Me3Si-CH 2 lies 
between that of a methyl and a methoxy 
group ahd is roughly-comparable with that of an aceta- 
mido group. 
1.3 The usefulness of trialkylsilyl'compounds in the 
syhthesis of acyclic compounds 
Organosilicon compounds are useful reagents in organic 
synthesis. They are less reactive than other organometallic 
reagents and they can be handled easily without affecting 
9 
the Si-C bond. Further the silyl group has the ability 
to (i) stabilise ß. -carbonium,. ions . and oC- carbanions 
(ii) orientate the incoming groups (iii) lead to stereo- 
specific reactions (iv) undergo desilylatio. n with reten- 
tion of configuration and (v) participate in rearrange- 
ments. 
The stabilisation of ß-carbonium ions by the silyl 
groups has been rationalised by some in terms of hyper- 
conjugation8 and by others in terms of a bridging effect 
(cf Section 1.2)25'26. However the former proposal is at 
present the more generally accepted. Stabilisation of 
-carbanions is commonly accepted as involving Ir-back- 
donation to the silicon d-orbitals or the d'torbitals 
which have the same symmetry as the d-orbitals. -Silyl 
groups, in part by virtue of the stabilisation they 
provide to «-anions and ß-carbonium ions, are useful in 
the orientation of incoming groups. For instance, 
trimethylsilylallyl carbanions react with aldehydes to 
give the alcohol arising from attack: t.. at the X-position. 
The threo alcohols (: 5. ) are obtained in the presence of 
R2BC1, EtA1C12 or MgBr2.32 In contrast, Bu3SnC1-BF3 
affords only the erythro isomers ( 6) exclusively 
33 
(cf Scheme i. 2) . 
Organosilyl compounds can-also undergo stereospecific 
transformations and as such prove to be powerful reagents 
in synthesis. (cf Scheme 1.3)- 
34935936 
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11 
1.3.1 Vinylsilanes 
The ability of the silyl group to influence the regio- 
and stereospecificity of a variety of transformations 
has given rise to considerable interest in methods of 
preparing silyl compounds with specific substitution 
patterns and stereochemistry. This is especially so in 
the case of vinylsilanes since these can be used as 
precursors to many classes of compounds. 
10 Hence-. -routes 
have been devised to obtain a selection of mono-, di- 
and tri-'substituted vinylsilanes from alkynes, carbonyls 
and vinyl halides (Tables 1.6,1.7,1.8). 
Vinylsilanes readily undergo substitution or addition 
reactions with electrophiles and these are normally 
regiospecific unless the cc-carbon atom carries a substi- 
tuent, such as OSiN1e3 ox a -phenyl group, .: which can 
stabilise the development of a. O(-carbonium ion 
(Scheme X1.4) .50,51 
Scheme 1.4 
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The addition product can be induced to undergo elimination 
such that the whole process amounts to substitution and 
can occur with retention or inversion of configura- 
tion. 
52,53 This depends upon the substituents, the 
vinylsilanes and the reaction conditions. 
Weber and Brook 
54,55 
have shown that F-silylstyrenes 
lead to retention of stereochemistry with bromine though 
the reaction takes place by the addition-elimination 
pathway. The proposed mechanism indicates syn-addition 
(7 --), - 10 ) followed by anti-elimination (10 -4 11) 
(Scheme '1.5) . 
Scheme 1.5 
Ph -"*'I\\,,. SiMe, 
Ph 
(g) 
1 D) 
SiMe 
ý 
Fis \ -- n.. - nti 
or Ph ýý Br 
, ý10ý 
ý(º]-_ a. 
_ (11) 
vý 
SiMe3 
A possible explanation for syn-addition is that the 
phenyl group stabilises the intermediate cation so that 
it is less symmetrical than the usual bridged structure 
(8) and is more like structure (9). The bromide ion adds 
trans to the A-silyl group and hence syn to the existing 
bromine. The applications of such reactions have been 
36 
well-developed and further extended by Chan who 
16 
developed stereospecific routes to. di-substituted 
vinylsilanes. 
Miller42. has shown. also. that unhindered... 2-alkylvinyl- 
silanes can. be converted.: regio and- -stereospecifically 
into the corresponding vinylchloride with net inversion 
of configuration. This is said to proceed via anti- 
addition and anti-elimination (Scheme 1.6). 
Scheme 1.6 
., ý... _ .. ý 0 
Cl siMe R rc ime3 .. iZ ..;,, 1 _.... _s NaOMe 
,., ý -3 ->u, C C, 14 "" I" -Me3, SiCI H CI . 
CI 
'eH R\ C1ý 
_ 
R'ry". ^ 
,ý & NaOMe 
R 
. .i'V' 
Jime3 ýp 
'SiM m1 -Me3SiC1 ", e cl H 
1.3.2 oC-Silyl carbanions 
. cl 
CI 
A wide range off compounds have been synthesised using 
`C-si1y1 carbanions. During the past decade or so its 
chemistry has been developed by Peterson, Hurdlik, Ager, Magnus 
. 
4'19'58-ö1 
and Chan The . C-silyl carbanion is easily 
generated by. deprotonation of the corresponding organo- 
silane through the use of a strong base. It is commonly 
used in reactions with carbonyl compounds to give olefins. 
These reactions, referred to as the Peterson reactions, 
are discussed in Section 1.4 
17 
The versatility of the oC-silyl carbanion has also been 
demonstrated in the reaction of vinyl ketones with 
enolate ions. 
62- 64 Regiospecific addition of enolate 
ions to ordinary vinyl ketones is not normally very 
successful owing to the tendency of vinyl ketones to 
polymerise under aprotic conditions and undergo rela- 
tively rapid proton transfer. Consequently enolate 
regiospecificity is eliminated. However, the silylated 
methyl vinyl ketone (13") readily reacts with enolate 
anions, resulting in an intermediate which is relatively 
stable and less basic than the starting enolate compound 
(12). Displacement of the . G-ketonic silyl group takes 
place very readily- by nucleophiles (Scheme 1.7). 
Scheme 1.7 
(ýv (v 
(i)Li-NH 
3-t-BaOH(1 equiv. 
SiMe3 
Me3Si 
(13) 
+ 
(ii)Me3SiC1, then isolation 
(iii)LiMe (iv)NH4C1. H20 (v) NaOMe-MeOH. 
It has been shown that the phenylselenosilyl carbanion. 
reacts with primary alkyl bromides and iodides to give 
the corresponding aldehyde via treatment with hydrogen 
18 
peroxide (Scheme 1.8). 
65,66 
Scheme 1.8 
._.... _ ý-! Cl j) 1Me3.7l Me3Si SePh ., -ý ^ 
zN PhSe -R OHC R 
(i) LiN(i-Pr )2-THF, -78 
°C (ii) RCH2X 
( iii) 3 0! w/w H202 
1.3.3 Rearrangement reactions 
Reactions involving migration of silicon are common and 
often have potential in synthesis. These rearrangements 
generally occur with migration of the silicon group to 
an oxygen atom67 although those involving migration from 
-carbon to cärbon68 and even from oxygen to carbon69 have 
been shown to occur (Schemes 1.9,1.10,1.11). 
1.4 The Peterson reaction 
A large volume of the work on the study of silicon 
reagents in organic synthesis has been centred on alkene 
formation. The use of organosilyl compounds in alkene syn- 
thesis owes much to Peterson 
57'61. 
a1though some work was 
carried in this area earlier. 
62 The Peterson olefination 
process, 
58 
as it is known, generally involves the inter- 
action of an K -silyl carbanion (13. ) with a carbonyl 
compound (Scheme 1.12). 
19 
R1 
3Si-CRsR3 
OH 
H` 
XOH 
Scheme 1.9 
R'. Si-CRZR' 
a 
b- 
"R'= Ph, Rý R2= Ph. R'=Ph, R, H 
Scheine 1.10 
o- 1\ 
Rý3Si -C Rz R' 
-H+ 
[XOH 
R13Si_O-CR2Fe 
H 
SiMe3 SiMe3 SiMe3 
II n-BuLi Ph i -CHzPh PhC-CHPh PhC-CHPh TMEDA 
SiMe SiMe3 
3 
SiMe3 
Si(Me)2CH2 Me2Si-CH2SiMe3 MejSi-CH2SiMe3 
f 
n-B, PhC-CHPh ýr... PhC-CHPh Hýj,. PhCH-CH2Ph 
TMEDA -iý-ý 
Si Me, 
Scheme 1.11 
O 11 - (MeO)2 p 
I 
OSi Me= 
ý- 
0 
MesSi 
li (MeO)=P. 
20 
Scheme 1*. 12 
o- 
R3SiCH2 + RZC=O R3Si-CH2_C-R' 
R1 
(13) (14) 
1 
R3SiÖ + HZC=CR'R' 
(15) 
This process leads to the formation of the a<-silyl 
alkoxide (14. ) which decomposes to the alkene through 
migration of silicon from carbon to oxygen and elimina- 
tion of a. silanoate ion (15) Conversion of the 
carbonyl compound to the olefin is effective since 
silicon: 
(i) forms strong bonds with oxygen (Si-O bond 
energy is ca. 370-450 KJ mol-1), 
(ii) has available'd-orbitalswhich can give rise 
to_pentacovalent bond formation and 
(iii) the silanoate ion is a good leaving group. 
X 
The versality of the process has subsequently been 
demonstrated by Peterson, 56,, 
57,64 Hudrlik 71972 and 
Chan. 58973974 A large number of mono-, di- and tri- 
substituted alkenes have been prepared by this method and 
these have involved a wide range of silyl carbanions and 
carbonyl compounds (Table 1.9). 
21 
C 
0 
tý 
U 
rt 
GJ 
ý4 
C 
0 
N 
laOJ 
4J 
d 
0. i 
dl 
4 
+J 
.o 
N 
d 
0 
N 
X 
ý 
d 
4J 
:3 
4J 
.. 4 
V 
N 
ý 
y 
V-1 
0 
Q 
0 
ý 
14 
A1 
0% 
ri 
N 
A 
e0 
d 
a' In NO lý N cn co 0 
a 
+ d dý d $4 
d C 0) +J "ri V 
co X +' U) 3.1 td 1.4 
O r 01 0! :3 z 
"ri t0 C +J U V 
.C --ý t0 td "rl t0 V . --t 0 U) r-+ to r-+ in ; )% Q 0) N "ri C>% C aJ 
Ol C OJ C 0) (n :: ) x .» c "r4 ., I G ý4 10 1 "+ a; ar w ö w 0) a ýý ýa s+ ý ý ý wý .ý ;a ý ý ý " V ý "C z x U) H U) 4 > ý 
IN o cq V ý N IN crý E to ý V) U ) -- 8 V 90 5 6 V V U r-l g Ü ü 11 
N 
II 
N 
V 
) 
01 
° ä C ä c 
z u 
U) 
- 
Cl) 
6 
ý Ö 
ý 
K1 / \) CV) 
N 
x 
+rl 
1 N IU 
ý v O) 
11 
8 Q 
a ýY '\ 6 6 'ý y+ "" ; Iv 
.f 
a 
1 1 
e""1 týl 1tl Cý1 
(p ý 
N 
ä 
0! nl 
8 8 
N s ý ý a a a a v 
.0 
4J 
C 
0 
C) 
22 
.ý 
a 
., ý 
ýp 
U 
Oý 
d 
ý 
.D 
E-ý 
w 
ä ö r-1 CC) 
N 
co M cc 
Or 
tý 
d' 
co 
lý1 
co 
a 
H 
a) 
I dr 
r+ V ý 
"c "v 
ö 
0) *' 
4-) ý "ä 
0) 
4'' 
a CO Cd d IC r+ O 
e d 
H U) 
ö ý 
V 
300 
'O 
ý HH 
iJ " 
ZH 
+j 0) 
H (d it 4) U I M +j 
O U ) U) C 1D >o a IN U) 
ý 
aN N 
ýEn ý0 
r+ 
Ö CO. ) ý 
0) 
ý 
>, 
IH 
. 4.0) 
O) 
C 
1 0) 
to . 'a 
"ri H 
r+ >+ 
ra H>, 
i rf 
10.0 
i > 
4J 
m 
rj 
ý 
w"H 
ýro 
'+ v 
IZ 
Q rf 
"ü 
w"r1 
+) 
+J 
8 
T 4J 
ýY 4-1 N im ä O 
UI 
OV ý 
O O 
0 `/ 
a 8 
+3 to 
ý 
ý vI (j) z 
-I u 
H 
Ö Ü 
0 
[ 
V V I. 
V 
" x ?= 
0. 
N Ii. al a 
0 
V 
+' 
,, + 
N Ü ++ 
pý 
p 
N 0. 
ý 
O N O 
ý 1 ý v z O 1, 
8 
ý ., 
ý 
1ý 
rl !z (/) O "ý cn rn cn 
., q 41 4) 
0) 0) 0) E z f ý E 
to w 
o 
I 
N 
OU) 
$ 
N 
R 
u 
M 
U 
Z 
Z 
U 
ý ý ä ä ä a . 0 
23 
Unlike the Wittig reaction, 
87 the Peterson reaction 
work-up involves aqueous acid or base medium with easy 
removal of the by-product. The ease of decomposition of 
the Peterson intermediate is dependent on the counter 
ion. 57 For instance, potassium. or sodium ä-silyl 
alkoxides decompose more readily than the covalent mag- 
nesium alkoxide. 
57 
It has been shown that the Peterson reaction is success- 
ful with enolisable ketones while the Wittig reaction 
fails. 88 This is because the alkylidenetriphenylphospho- 
ranes (16) may react as strong bases with enolisable ketones 
rather than undergoing nucleophilic addition to form 
betaines; trimethylsilyl anions , on the other hand, add 
to such ketones as nucleophiles (Scheme 1". iß). 
ý 
Scheme 1.13 
CH2=PPfi3 (16) No reaction 
1. Me, SICHzMgCI 
2"AcOH: H20,3: 1 
Hý 
Gilman and Tomasi62 have demonstrated that the Peterson 
reaction occurs in preference to the Wittig reaction 
(Scheme 1.14) and further it has been shown that the 
alkoxide attack on silicon is preferred to the Wittig- 
Horner-Emmons reaction (Scheme 1.15). 
24 
Ph3P-CH _SiMe3 
+ 
Scheme 1.14 
Ph2C=0 ?. 
Ph3PCH=CPh2 + Me3SiO 
Base 
Ph, PC=CPh2 
lPh2C=O' 
PhiC-C=CPh2 Ph3P=O 
Scheme 1.15 
O 
ý (EtO) 
PCHSiMe= 
2 
0 11 
P (0Et) 
2 
"O CHSiMe3 
Me3Ii 0 
. Ph3P_C-C-Ph 
H bh 
Wittig 
7: ý,,. _ý, Ph2C=CHSiMe3 
" Ph3PO 
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1.4.1 Mechanistic evaluation of the Peterson reaction 
When Peterson57 first reported the formation of an 
alkene by the interaction of an e<--silyl carbanion with 
a:. -carbonyl compound, he proposed the intermediacy of a 
silyl alkoxide on the basis of the analogous Wittig 
reaction87 which involves the coupling of a phosphonium 
ylid with a carbonyl compound. Since that first report 
by Peterson, many studies58'64 have been carried out to 
rationalise the mechanism of the Peterson-reaction. 
The mechanism for the Peterson reaction was fully 
elaborated by Chan and co-workers. 
89 The addition of 
the aC-silyl carbanion to the carbonyl compound. leads 
to equal amounts of"diaster-eomeric adducts C17) and (18) 
(Scheme 1.16). This step is believed to be irreversible. 
Scheme 1.16 
I Ric=oC-SiR, 
Rý I R4 
-p\ SiR3 
3 C., 
R 
ýýýý 
0 Si Rg 
,, R4 RL'"j "` 
C 
ý R3 
(18) 
--ý 
tý R`C-C R 
F1 / ýR4 
+ 
R R4 
ýýC 
ý 
Fe 
+ OSiR3 
The formation of the ß-si1y1 alkoxide arises from a 
nucleophilic attack of the «-si1y1 carbanion on the 
carbonyl compound. Trindle and co-wörkers90 have suggested 
on the basis of CNDO calculations, that the Peterson 
26 
reaction does not proceed through a four-centred cyclised 
anion intermediate (19), like the. betaine in the Wittig 
reaction, but through an intermediate acyclic anion 
(20). 
Me3 Si Ö 
H Rý HR 
(20) 
The conformations of the acyclic anion have not been 
fully studied. These would be dependent on the nature of 
the R groups and the strength of the silicon-oxygen 
interaction in the transition state. The intermediate 
has been isolated as aA -hydroxysilane which on treatment 
with acid or base leads to the alkene. The stereochemis- 
try of this process has shed light on the mechanism of 
olefin formation. These studies will be elaborated 
further in the text. 
The mechanism of decomposition of the intermediate has 
90 This been investigated using CNDO calculations. 
involves cleavage of the Si-C bond prior to that of the 
C-C bond to give (21) as a possible intermediate- 
(Scheme 1.17). Cleavage of the C-O bond leads to the 
olefin and silanoate ion. 
Scheme 1.17 
MerSi '. o- 
° 
4-le 
HR, H 
-ýO 
Si Me3 
. -1--ý'%, x H 
Rý HR 
(21) 
27 
Hudrlik has subsequently separated the diastereomeric 
intermediates in the form of the ß -hydroxysilanes (24. ) 
and (25) and studied their base- and acid-induced 
elimination. 
71 (24) and (25-) were obtained by the regio- 
specific opening of the o(, ß-epoxysilanes (22) and (23) 
(Scheme 1.18). 
Scheme 1.18 
#&-Pf r. ^A 
SiMe3 
lLLJ 
-.. -- 
n-P 
ýPr 
(25) 
It appears that each diastereomer can lead to cis- or 
trans-alkene depending on how elimination is induced 
(Scheme 1.19). This study supports Chan's proposed 
mechanism of the Peterson olefination reaction. 
89 
The base-promoted elimination reactions were found to be 
syn, which agrees with early. speculation and with more 
recent CNDO calculations by Trindle. 
90 For instance, 
the erythro isomer f 24) leads to cis-octene in the 
presence of potassium hydride. The acid-promoted eli- 
mination reactions are anti by analogy with several 
solvolytic elimination reactions. 
91 It is believed that 
(n-PrýZCuLi HO H-Me, Si H 
n-Pr/ n\-Pr 
(24) 
iMe3 ýn-Prý CuLi 
, 
HO HH SiMe6 
: ._ ._ 
a carbonium ion is formed P- to silicon and prior to 
this the trimethylsilyl group adopts a trans-coplanar 
28 
HO H Me3Si H 
ý\ 
, +. =Pr #O-Pr 
(24) 
(Erythro=) 
HO HH SiMes 
a-Pr (25) a-Pr 
(Threo-) 
Scheme 1.19 
-0 H Me, Si H 
-- 
H 
/ 
tPr 
,,, -Pr 
KH fi, `z . 
---T- ý` 
+ Me3SiO- 
->- 
nPý r 5iMe1 
-, P" 
s-Pr rH 
+ HAH 
Hn-Pr 
,H 
n-Pr H ý_= IV 
n=Pr n=Pr 
, COH MejSi n-Pr Hýý, /,. -Pr 
/\ 
n-Pr H , ý-Pr H 
+ Me3SiO- 
. H=O H *. Pr H 
}Ii IS --ý 
,. -Pr SiMe3 
H 
, n-Pr 
H 
ý 
n-Pf 
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conformation with respect to the leaving group (i. e. H2O) 
to stabilise more effectively the electron-poor centred 
(26). 
This work also establishes the irreversibility of the 
first step which involves the formation of the inter- 
mediates 
71' This was demonstrated when the diastereome,. 
rically pure ß -hydroxysilane led stereospecifically to 
the cis- or trans-alkene depending only on the medium 
used. Reversibility of the Peterson reaction, to a 
greater or lesser extent, would be shown by the thermo- 
dynamically favoured product being formed in excess 
from both diastereomers (Scheme L 20). Therefore_ the 
transient formation of the d-silyl carbanion and the 
carbonyl compound from the erythro f -hydroxysilane (27) 
would lead to some of the other isomeric alkene (29). 
ti Scheme 1.20 
HO +&-Pr HHH 
ýº 
_ý sý 
H n-P(27) iMeý , *-Pr (28) 'n-Pr 
It, H\ 
C=0 t 
*Pr " 
T6. sn_ 604 
ý_+.. _" CH Si Me, ---ý . 
Er thro 
*! Pr i sorners 
HH 
ý 
+º-Pr ý. -Pr 
r 
H n-Pr 
ý29ý ft Pr 
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However, the complete mechanistic rationale of the 
stereochemistry of the Peterson olefination process has 
not yet been satisfactorily elucidated. For instance, 
it is not possible to predict how the stereochemical 
outcome dependson carbanion stability. Dervan, Reetz and 
and co-workers92,93 have shown that the reaction of 
silyl carbanions with epoxides is stereospecific. These 
and other studies 
56 have established conclusively that 
the first step of the Peterson reaction determines the 
ratio of the corresponding cis- and trans-alkenes formed. 
Previous work has shown that the olefination process 
leads to approximately equal amounts of diastereomeric 
alkenes with a slight bias towards the cis-alkene in 
some cases. 
56994-96 Such occurrence has been observed 
where chelation control is possible and also in the case 
of t-BuMe2SiNCN with hexanal. 
95 
In this laboratory the 
insensitivity of the Peterson reaction towards various 
conditions has been demonstrated by the interaction of 
PhCHSiMe3 with PhCHD. 
97 
These results have subsequently 
led to the development of a model for steric approach 
control in the Peterson reaction; this is based on the 
angle of approach as determined by Dunitz and 
Baldwin. 98'99 It has been shown by Dunitz that a nucleo- 
phile approaches a carbonyl compound virtually along 
a straight line inclined at an angle of about 107° to 
the C-O bond. There, it is expected that the a-silyl 
carbanion will attack in the same manner. 
31 
1.4.2 Synthetic applications of the Peterson reaction 
Numerous synthetic applications of the Peterson reaction 
have been reported and, in general, mixtures of the cis- 
88,100-102 
and trans-olefins were obtained. 
The Peterson reaction has been used to synthesise the 
sex pheromone of the gypsy moth (32) from the reaction 
of undecanal (31) with an oC--silyl carbanion 
(Scheme 1.21). 100 
Scheme 1.21 
CH3 
CH CH2 
H3C 
CHz \CH2Li 
+ 
(Ph)SiCH=CH2 
3 
(30) 
CH3 
CH 
CH cH 
HC 
CHz ýCHZ iCHLi 
__. 'ý 3C I-- 
CHsCH2ýCH=O (31) CH3 
H3C-CH-(CH2)4 CH=CH(CH2), CH3 
tMCPBA 
(30) 
Si(PhI 
CH3 
H, C-CH- (CHJ, 
4CH 
CH(CHp. ) C H3 
(32) 
The Peterson reaction has contributed substantially in 
the synthesis of natural products where the Wittig reaction 
fails, for instance, in the preparation of ß-gorgonene (33) 
(Scheme 1.22). 
88 
Scheme 1.22 
TV 
N 
1. Me3SiCH1MgCI, THE 
ref lux (18 h) 
2. AcOH, H20, RT (3h) 
(33) 
32 
Enamidines (35) are versatile precursors in the homo- 
logation of carbonyl compounds. 
101 They are readily 
generated from methylamidines (34) via the Peterson 
reaction (Scheme 1.23). 
102 
Scheme 1.23 
H3C CH3 H3C H3C R' 
&-BuLi N SiMe3 4. -BuLi 2 
Me3SiCI (, N FeCOR2 6N 
+ -20 °C ++ 
(34) (35) 
-ý, 
2"Aq"Cu(0Ac2 R (36) 
The homologated aldehyde (36)-is released through treat--i 
ment with hydrazine followed by aqueous copper Aacetate". 
Hence this technique for homologating aldehydes or 
ketones to aldehydes with one additional carbon competes 
well with previous methods in its simplicity and effi=. 
ciency and use of readily available reagents such as 
methylamidines (34). 
1.5 Silyl-substituted heterocycles 
To date little synthetic use is made of organosilicon 
compounds in heterocyclic. chemistry. Silicon is still 
regarded as an exotic element in the synthesis of cyclic 
compounds. However, the chemistry of «C, A-epoxysilanes 
has received considerable attention, mainly as-precursors 
to open-chained compounds. 72,103-105 Since Stork106 
ý. N2H4R 
_ ý}-CHO 
33 
showed the synthetic equivalence between an d, p-epoxy- 
silane and an aldehyde or ketone, the potential of 
c, ß-epoxysilane has been extensively explored. 
Particularly significant developments have been demons- 
trated by Hudrlik, Magnus and their co-workers. 
72,107 
Further, Birkofer and coworkers6 have shown that hetero- 
cycles, which are otherwise difficult to acylate, havt 
been easily. acylated using the silyl derivative (37) 
(Scheme 1.24). 
Scheme 1.24 
SiMe3 COCH3 
Nn N ý 
N" CH COC1 EN + Me3SiC1 s 
(37) 
Silylated pyrimidine: and purine derivatives have been 
acylated, alkylated and glycosated, thus providing a 
method to synthesise nucleosides. 
6 The strong directing 
power of the silyl group is also manifested in cyclo- 
addition reactions involving trimethylsilyl unsaturated 
compounds. Corey 108introduced the use of fluoride ion 
as a powerful and specific method for removing silyl 
groups though other means of desilylation were already 
in use. 
109 
Very little work on the synthesis of aziridines with an 
or anosilicon 110-115 9 group has been reported td 'da'te, 
although aziridines in general have been extensively 
studied. 
1.1.6 As a consequence it was of interest to study 
34 
the chemistry and the synthetic potential of the little 
known organosilicon aziridines and to compare and 
contrast them with the better known aziridines and 
epoxysilanes. 
1.5.1 Trimethylsilyl compounds as precursors to 
oC, ß-epoxysilanes. 
In the early sixties o4ß -epoxysilanes were only obtai- 
nable by treating vinylsilanes with m-chloroperbenzöic 
acid in dichloromethane-or chloroform. 
117 However, since 
Stork's introduction of o4f -epoxysilane as precursors 
to a range of aldehydes and ketones, other routes to 
substituted. o(, ß-epoxysilanes have been developed. Since 
vinylsilanes were not readily available Magnus and co- 
workers devised a method that enables direct conversion 
of aldehydes or ketones into o -epoxysilanes 
(Scheme 1.25). 
107 Nonetheless, sterically hindered or 
readily enolisable carbonyl compounds gave very low 
yields. 
This reaction is assumed to be analogous with the 
Darzens reaction; the o(, --silyl carbanion 
(39) being gene- 
rated on treatment of the _ chloromethylsilyl compound 
(38) with a base. This is reacted with the carbonyl group 
whereby the oxyanion (40) displaces the halide anion in 
an intramolecular nucleophilic substitution. The Darzens 
epoxidation process generally leads to a higher proportion 
of the cis-isomer. 
107 
35 
Scheme 1.25 
R' RI 
I 
HCI d"BuLi Me3SiC=-CI Me3SiC 
-78°C Li« 
ý3ý (39) 
Me3Si C=CI + 
+ Li 
a% 
^V_... _. _. }, 
_3% ýý^Aý. '-, ol R R3i NR 
Li; (40) I 
-CI- 
fell%. ýSiMeý 
R2C 
C 
Rý 
* 
0 
R2 
ý-SiMe3 
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1.5.2 Ring-opening reactions of (, ß-eroxysilanes 
The reactions of o(, ß-epoxysilanes with a large number 
of reagents are dependent on three major factors. These 
can be categorised as follows: 
(i) the inherent polarity of the &C, g_epoxysilanes 
(ii) the 'presence of the three-membered ring 
(iii) the presence of the trimethylsilyl group. 
°(, ß -Epoxysilanes are precursors to carbonyl compoundsl06 
and can also be converted to enol ethers, 
118 
alkenyl 
bromides 119 ' and other functional groups. 
l19 , 120 They are 
also known to react with organocuprate reagents to give 
ß-hydroxysilanes which can be stereospecifically 
R' _z s 
fiqi 
-. _. L- 
-. 
`I 
, O51MP. 3 
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converted into alkenes.? 
0 d, ß-Epoxysilanes have also 
been deprotonated to give d -lithio epoxide synthons. 
118 
The synthetic utility of a, P-epoxysilanes lies in their 
regiospecific ring opening reactions with nucleophiles 
and electrophiles. Typically the nucleophile attacks 
preferentially the epoxide carbon to silicon. On the 
basis of the stability of cations to silicon, one 
would expect ß -cleavage to predominate only in SN1 type 
reactions. But the relative orientations of the C-Si 
and P-C-O bonds deviate extensively from the required 
coplanar arrangement. This arrangement does not favour 
the stabilisation of a developing positive charge by the 
C-Si bond. The preference for an a4-cleavage therefore 
indicates that the silyl group may facilitate bimole- 
cular nucleophilic displacement of to silicon. The high 
regioselectivity has been exploited by Hudrlik in deve- 
loping stereoselective syntheses of heteroatom-. 
substituted acyclic alkenes from o(, -epoxy silanes. 
7°.. 
latter were thus termed "stereospecific vinyl cation 
equivalents'!. 
The high regiospecificity of epoxide ring openings has 
been illustrated by reactions with hydrogen halides in 
ether. 
119 The resultant halohydrins (41. ) and (42) are 
obtained through typical nucleophilic anti-opening of 
the epoxide. The halohydrin undergoes anti-A-elimination 
of silyl alcohol in the presence of acid, leading to the 
corresponding haloalkene (Scheme 1.26). 
e 
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Scheme 1.26 
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HýSi OH 
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cýý 
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4ý 
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E: Z (98: 2) 
R Br 
80-95% 
E: Z (1: 99) 
However, treatment of the halohydrin (43) with n-BuLi 
or methylmagnesium iodide/magnesium iodide results in 
elimination of the halide and a 1,2-migration of hydride 
to afford the 'C-trimethylsilyl carbonyl compound (44) 
in excellent yield (Scheme 1.27). 
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Scheme 1.27 
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The electronic directing effect of the trimethylsilyl 
moiety is well illustrated by the reactions of the 
epoxides (45) and (46) with hydrogen bromide and methanol 
respectively (Scheme 1.28). 122 
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Scheme 1.28 
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-78 °1C (45) 
ý 
HO SiMe3 
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HO 
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Ca 
4ý' 
13 sH.: 
(46) 
ý. v v m@U - .. 
ý 
One would expect the epoxide (45) to undergo P -cleavage 
since it would form a tertiary j3-carbonium ion adjacent 
to a silyl group. Nucleophilic attack, in the case of 
(46), might be thought to be favoured at the ß-position 
due to steric hindrance. Nevertheless, under acid 
conditions, both epoxides undergo nucleophilic attack at 
carbon oC to silicon. Sucha phenomenon is absent. in 
conforinationally rigid systems since the electronic 
directing effect is superseded by a kinetic bias towards 
trans-diaxial ring opening (Scheme 1.29). 
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Scheme 1.29 
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Reduction of the epoxysilane with LiAIH4 gives a mixture 
of products resulting from eC- and p)-cleavages. On the 
other hand;. A1H2C1 overcomes this problem and restores 
the regioselectivity. 
a, F-Epoxysilanes have been shown to react very readily 
with various protic and Lewis acids. 
123.9124 The most 
common reagents are sulphuric acid in methanol, perchlo- 
ric acid in tetrahydrofuran or boron trifluoride 
etherate. Most of these reagents convert the epoxide 
directly to the corresponding carbonyl compounds. For 
instance, treatment of the epoxide (47) with a variety 
of acids leads to cyclohexanecarboxaldehyde (48) 
(Scheme 1.30). 2 1 
Scheme 1.30 
(47) 
BF3-O(C2H5), CH3OH 
or HC1O4, THE 
or H2SO4, CH30H 
ý! ' 
CH=O 
(48) 
It has been reported that an epoxysilane behaves as a 
masked carbonyl compound and as such is a useful 
precursor to aldehydes and ketones. A mechanism for the 
formation of carbonyl compounds proceeds via anti- 
40 
solvolysis at carbon o(- to silicon to give the D(, ¢-dihy- 
droxysilane. The latter undergoes acid-catalysed anti- 
elimination (Scheme 1.31). 
Scheme 1.31 
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In the case of the conformationally rigid aC, ý-epoxy- 
silane (49), the dihydroxysilane (50). has been isolated 
since the trimethylsilyl group and the P-hydroxyl group 
are unable to achieve the preferred anti-periplanar 
conformation for acid-catalysed elimination 
(Scheme 1.32). 
12fr 
Scheme 1.32 
e3 
O O 
Cim 
H30' 
} 
OH. 
R? 
SiMe3 
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(49) Co) 
Elimination might be expected with base since it 
requires a syn-conformation of the trimethylsilyl group 
in relation to the ß-hydroxyl group. However, this has 
been shown not to occur by Hudrlik and co-workers. 
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On the other hand, some aC, ß-dihydroxysilanes derived 
from non-rigid systems undergo competitive, stereo- 
specific base elimination with potassiu+ydride to give 
rise to isomeric mixtures of silyl enol ethers (51) and 
(52) (Scheme 1.33). I1ß The elimination reactions take 
place by pathways (a) and (b): 
(a) involves p-elimination of a P-oxidosilane 
(expected to be syn) and 
(b) involves a Brook rearrangement 
67 
of an «-oxido=. 
silane with anti-elimination of a F- leaving 
group (e. g. hydroxyl). 
Scheme 1.33 
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1.5.3 Synthetic applications of ad, §-epoxysilanes 
a, ß -Epoxysilanes have not been fully exploited 
synthetically. Interestingly, Magnus and his-. collaborators 
made use of such compounds as the key intermediates in 
the synthesis of (R)-E+)-Frontalin (55) and Latia 
Luceferin (59). 127 
Frontalin (55) is the aggregation pheromone of the southern 
pine beetle, Dendroctonus Frontalis and it was synthe- 
sised from the intermediate (3R)-(-)-linalool (53. ) 
via the formation of the diol (54) (Scheme 1.34). ` 
Scheme 1.34 
HO Me Me, SiO Me 
(53) 
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Latia I. uceferin (59) is the specific substrate in the 
bioluminescence enzyme (Luceferase) system in the fresh 
water limpet Latia neritoids. The synthesis involves the 
direct conversion of a methyl ketone (56) into an 
«C, p-epoxysilane (57) which is subsequently transformed 
into the enol formate (58) on treatment with formic acid 
at room temperature. Removal of excess acid and elimi- 
nation of trimethylsilanol from (58) leads to (59) 
(Scheme 1.35). 
Scheme 1.35 
(56) 
(59) , 
Me3SiCHLiCI 
-78 °C 
Po Me 
ol, ß-rpoxvsilanes have been applied, albeit indirectly, 
in the synthesis of the tetrahomotertDinoid of the 
codling moth. Rearrangement of the O4¢-epoxysilane (60) 
induced by magnesium iodide leads to P-ketosilane (61). 
Further treatment with methyl lithium leads to the 
trisubstituted alkene (62). Carbethoxylation of (62) 
(57) 
Anh. HCO2H 
OCHO 
Me2Si`, H 
44 
results in the acetylenic ester (63) which is converted 
into the tetrahomoterpenoid (64) using sodium boro- 
hydride, iodine and lithium di-n-propylcuprate(I) 
(Scheme 1.36). 
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3LiCu 
K, ß -Epoxysilanes undergo a variety of interesting-and 
controlled reactions. In this Chapter. only a selection 
of reactions have been discussed with the purpose of 
illustrating this variety. 
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2. Interaction of aC-silyl carbanions with azomethines 
2.1 Introduction 
Since its introduction the Peterson olefination process 
has found considerable success in the formation of 
olefinic functions. 
2-5 It has been employed on numerous 
occasions and it has also been modified in several 
cases. 
6 
These applications have sometimes led to an 
improvement in yields of lalkenes and resulted in stereo- 
selectivity. The majority of these studies have involved 
attack of the a-silyl carbanions on carbonyl compounds. 
Relatively little work has been undertaken to rationa- 
lise the mechanism-of the Peterson reaction; most effort 
having been expended on its use in synthesis. The work 
of Ellis showed that varying the substituents on silicon 
only had a limited effect on product stereochemistry. 
7 
Konakahara, in the first reported successful study of its 
: kind, showed that the reaction of K-silyl carbanions deri- 
ved from 2-(trimethylsily])pyridine with an azomethine leads 
stereoselectively to trans-alkene. The azomethine group 
is in many respects comparable with the carbonyl group; 
both have two electrons in their ir-orbitals and both 
atoms are capable of forming strong bonds with silicon. 
Although the N-Si bond (365 KJ mol-1) is weaker than the 
Si-a bond (443 KJ mol-1), it still' provides a driving 
force for the formation of the C=C bond. It- has been 
further argued by KonakahbLra . that-. thi -additional. group 
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on the nitrogen and the configuration of the imine 
would enhance stereoselectivity. 
8 Therefore, as part 
of the study on the Peterson reaction it was of interest 
to expand and examine mechanistically Konahara's modi- 
fication of this reaction. It was anticipated that this 
would lead to some interesting results and shed more 
light on the mechanism of the Peterson reaction. 
The azomethine R1R2C=`tR3 were prepared by condensation 
of primary amines with aldehydes and ketones. Aldimines 
refer to compounds where Rlis alkyl or aryl, R2 is a 
hydrogen atom or vice versa and R3 is alkyl or aryl. 
12 
Ketimines refer to compounds where R, R and R3 are 
all alkyl or aryl. In naming specific azomethines, the 
nomenclature used by Chemical Abstracts was followed. 
For example, C6H5CH=NC6H5 is named N-benzylideneaniline 
and C6H5C(CH3)NC2H5 is named N-(methylbenzylidene)- 
ethylamine. 
The azomethines were reacted with different types of 
d -silyl carbanions; particular emphasis 
being placed 
on the K-silylbenzyl carbanion. This carbanion was 
initially generated from bis(trimethylsilyl)phenyl- 
methane according to the method of Sakurai, 
9 
using 
sodium trimethylsilanoate or sodium methoxide in 
hexamethyl phosphor oustxiamide * (HMPA). In both cases the 
aldimine, N-benzylidene-n-butylamine was recovered 
quantitatively. This contrasts with benzaldehyde which 
57. 
was found to be reactive, hence leading to a mixture of 
ci§- and trans-stilbene in an approximate ratio of 1: 1. 
When the OY-silylbenayl carbanion (65) was generated from 
trimethylsilylphenyl methane, according to Peterson's 
methodI and was reacted with an ethereal solution of 
the azomethine: (66), stereoselective formation of the 
trans-olefins was observed (Reaction 2.1). 
Reaction 2.1 
PhCHZSiMes + n-BuLi TMEDÄ T PhCHSiMe3 RT I 
Li 
+ C4 HIC 
(65) 
PhCHSiMe3 + R'CH=NR2 
NH4Ci(Aq-) Ph C=Cý H+ R2NH2 
R (66) Li+ 
H 
The . C-silylbenzyl carbanion was formed in the presence 
of n-BuLi and TMEDA. The ox-blood coloured carbanion was 
reacted with a series of azomethines. The olefins were 
isolated by precipitation and filtration, in cases of 
azomethines derived from benzaldehyde, or by column 
chromatography when azomethines derived from aliphatic 
aldehydes were used. Prior to isolation the-)Tatios of 
the olefin isomers in the reaction mixtures were deter- 
mined by gas chromatography. 
at was shown that isomerisation of the olefins obtained 
in these reactions did not occur under the reaction 
conditions used. This is. considered in greater detail 
in Section 2.2. 
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The isolation of the Peterson intermediate from the 
system was initially attempted using an arenechromium 
tricarbonyl complex of type (PhCH2SiNe3)(Cr(CO)3) 
or a magnesium bromide complex of type PhCH(hMgBr) SiMe3. 
Such complexes are believed to stabilise a carbanion 
as a result of the electron-withdrawing effect of the 
Cr(CO)3 and Br groups in the corresponding complex. 
However, neither of these two methods proved to be 
successful. 
On the other hand, when the reaction between the 
aC-silylbenzyl carbanion, generated by the Peterson 
method, and neopentylideneaniline was carried out- 
at room temperature the stereoselectivety formed 
trans-stilbene (19%) was accompanied by the interme- 
diate 2,2-dimethyl-3-(N-phenylamino)-4-phenyl-4- 
trimethylsilyl butane (33%) (67). 
ý (H, C)3C-CH-N `CsHs 
IH 
CH 
Me3Si CgHS 
(67) " 
This was purified by column chromatography and the 
isolated intermediate (67) was characterised by 
1H 
n. m. r., 
13C 
n. m. r., mass spectrometry and elemental 
analysis. These two products were also found when the 
reaction was -carried out under ref lux. 
59. 
2.2 Results and discussion 
The following sections describe in detail the work 
outlined above with emphasis given to the effects of 
different groups on the azomethines on the stereo- 
chemical outcome of the Peterson olefination reaction. 
2.2.1 The olefination reaction 
The o-silyl carbanions which were used in this study 
were prepared by several literature methods. 
These are listed in Table 2.1. 
The azomethines were prepared by condensation of the 
desired amines 'with the corresponding carbonyl 
compounds by the methods of Tiollais, 
13 Schiff 14 or 
Reddelien, 
is These are listed in Table 2.2. 
The cherry-red solution of the c<--silyl carbanion 
which was generated from bis(trimethylsilyl)phenyl 
methane in the presence of sodium trimethylsilanoate/ 
}4PA failed to react with N-benzylidene-n-butylamine. 
A1A 
This method of Sakurai ' was found by Ellis, in his 
comprehensive study of the Peterson reaction involving 
aldehydes, to give the most consistent results. 
Nevertheless no reaction occurred even when the mixture 
was heated under reflux. In each case the azomethine 
was recovered on quenching the mixture with dilute 
hydrochloric acid (Equation 2.1). 
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Equation 2.1 
PhCH(SiMe3) . C6HSCH=NC4H' I"HMPA, Z NaOSiMe3 
: "Dil" HCI 
No 
Reaction 
Similarly when the k-silyl carbanion was formed in 
the presence of sodium methoxide/ H, IPA (a method which 
was also used by Sakurai) 
9 no reaction was found to 
occur when it was treated with the azomethine 
(Equation 2.2). 
Equation 2.2 
_ 
CGHsCH=NCH. i. HMPA, 
No 
PhCH(SiMej) . 
"NaOMe Reaction 
2-Dii" HCI 
Occasionally but not consistently l, 2-diphenyl-1,2- 
bis(trimethylsilyl)ethane (68) was observed. The 
formation of this compound is likely to arise by the 
dimerisation of the trimethylsilylbenzyl radical, 
PhO1S1Me3. This radical is possibly formed by an elec- 
tron -transfer reaction (Scheme 2.1). 
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Scheme 2.1 
PhCHSiMe3 PhCHSiMe3 +e 
PhCHSiMe3 + PhCHSiMe3 PhCH- CH Ph II 
Me3Si SiMe3 
(68) 
The K-silyl carbanion was undoubtedly formed in these 
systems since it was shown to react readily with 
benzaldehyde at room temperature to give trans- and 
cis-stilbene in the ratio of 1.3: 1.0. 
When the c<-silyl carbanion, derived from methyl 
trimethylsilylacetate or ethyl trimethylsilylacetate 
using n-BuLi, was treated with N-benzylideneaniline no 
olefins were formed. The azomethine was generally 
recovered in 90% yield and was accompanied by some 
1-phenyl-l-(N-phenylamino)pentane (69). 
CoHs-CH-N" 
Cj H9 
@g) 
. 
The compound (69) is formed from the reaction of n-BuLi 
64. 
with the azomethine. 
When the o<-(t-butyldiphenyl)silylbenzyl carbanion was 
generated in the presence of n-butyllithium/TNEDA and 
reacted with N-methylbenzylideneaniline or 
N-benzylidene-n-butylamine, a complex mixture of products 
resulted. However, no olefins were formed. No further 
attempts were made to separate the products. 
t<-Si1yl carbanions derived from vinyl trimethyl sil ane 
or vinyltriphenylsilane and n-BuLl reacted with 
N-benaylideneaniline at room temperature or under ref lux 
to give polymeric products only. 
When the o(-silyl carbanion was generated from 
trimethylsilylphenylmethane using n-BuLi in hexane and 
TMEUA at room temperature (a method originated by 
Peterson), reaction was observed with azomethines. Thus, 
as a typical example, treatment of the *C--silyl 
carbanion with N-benzylideneaniline followed by 
quenching with aqueous ammonium chloride gave trans- 
and c- stilbene in the ratio-:. of 99.2: 0.8. 
The olef in was subsequently isolated from the mixture by 
extraction and recrystallisation from'ethanol. In some 
cases, column chromatography was required to purify the 
olefins further. Where olefin formation did not occur, 
no attempt was made to separate the mixtures. 
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Generally the yields of the olef ins did not improve 
with reaction time; neither did they improve with 
increase in temperature. However, in one case, that 
involvingneopentylideneaniline, the yield of olefin 
improved with increase in temperature. At room tempe- 
rature the olefin was formed in 19% yield and at 70 0C 
in 485% yield. 
All azomethines, (70)-78b), with the exception of 
N-(methylbenzylidene) aniline (74) and N-hexylidene-t- 
butylamine (76), gave olefins. In general these 
reactions were stereoselective - they gave only the 
tran-olefin; where the cis-isomer was formed the yield. 
was very low (approximately a trans: cis ratio of 98: 2) 
(Table 2.3). 
In order to investigate whether isomerisation of the 
olefins was occurring under -thereaction conditions, 
some reactions were; performed. whereby known quantities 
of gj&-stilbene were added to the mixture prior to the 
addition of n--butyllithium and N-benzylidene-n-butyl- 
amine. The work-up was carried out as in the previous 
cases and the ratio of isomers was again determined by 
gas chromatography. 
The results obtained are given in Table 2.4. The ratios 
of isomers were determined after deducting the amounts 
of Sig-stilbene originally added. They show that these 
reactions are indeed stereoselectively rans with no 
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subsequent isomerisation. 
The results given in Table 2.3 show that the'aldimines 
derived from benzaldehyde ('7Ö)-( 73) lead stereoselec- 
tively to rans-stilbene in moderate yield (40-70c). 
Aldimines derived from aliphatic aldehydes (75)-(. 78), 
with the exception of (76), also gave stereoselectively 
trans-stilbene but generally in reduced yield (20-50ö). 
Aldimine (76) gave no olefinic product and the ketimine 
(74) failed to react. 
These reactions are believed to proceed in a step-wise 
manner, which is similar to the Peterson reaction. The 
first step involves the formation of the intermediate 
ß-silylamines (79) and (80) and the second step is- the. 
elimination-of N-trimethylsilylanilide (81) from (79) 
and (80) to give the cis- and trans-alkenes (Scheme2.2). 
Scheme ?,. 2 
.# 
li1CH=NR= ". PhCH=SiMe3 
.1 
FIN" SiMe. 
R'44ph 
HH 
(») 
R', Ph 
HlC 
e\ 
H 
cii- 
+. 
JTBMEDutiA/ 
R: w SiMol- -- -- -3 
"ý ý/_ 
,ý- 
I 
F(-7 Ph 
(80) 
- M! =SiWR: 
ý 
ý 
RC 
C, 
Ph H/ 
Trans- 
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The absence of reaction between the «-silylbenzyl 
carbanion (termed semi-stabilised) and the ketimine 
N-(methylbenzylidene) aniline (74)(Equation 2.3) might 
be rationalised in terms of steric hindrance towards 
attack at C=N. 
Equation 2.3 
Ph\ 
C=N 
H3C/ \Ph 
04) 
. PhCHSiMe3 
No 
Reaction 
This is supported by an analogous reaction involving 
2-(trimethylsilylmethyl)pyridine: 182) with 
N- (methylbenzylidene) aniline (83) which was studied by 
Konäkahara and co-workers. They explained the. slow 
reactivity of the azomethine in terms of steric 
hindrance (Reaction 2.2). 8 
Reaction 2.2 
Ph\ 
C=N i. LDAITHF . 
ýLC/ \Ph 
'CH=SiMe3 --'- : -Ag" NH4C1 
Q9 (83) 
. PhNH= + 2ýSiOH 
However, the unsatisfactory. nature of this rationalisa- 
tion can be seen in the ability of sterically-hindered 
carbonyl compounds to undergo attack by eC-sily1carba- 
nions"inthe Peterson olefination reactions to give 
alkenes in good yields. (Reaction 2.3). 
9 Yet, in'the case 
70. 
of azomethines, the presence of an extra alkyl group 
effectively hinders reaction. For this reason a contri- 
buting factor must be the poor reactivity of the C=N 
group relätive to the C=O group. 
Reaction 2.3 
PhCHSiMe= " PhCOR PhC=CHPh + Me3SiO- I 
R 
R_ Ph (79%), R =t-Bu (263b) 
In the case of N-hexylidene-t-butylamine no olefin was 
obtained when it was treated with the a(-silylbenzyl 
carbanion. It would appear that the azomethine in this 
reaction forms a metallated enamine (Scheme 2.3). 
Scheme 2.3 
Li- H N-t-Bu 
CH H: CHZCHZ Cý N-t-Bu Ba, ,, CHjCH2CHZCH2CH=CH 
HHr 
(84) `85) 
Li 
CH¢H, 2CH2CHZCH -CH=N-t-Bu 
(86) 
Thesazomethine carbon, Cb, (84) was most likely deprotonated 
in the presence of n-BuLi to give the carbanion (85). 
There was n. m. r. evidence for this behaviour since the 
spectrum of the reaction mixture showed resonances in 
the alkene region. On quenching the reaction mixture 
with aqueous ammonium chloride these resonances were no 
longer observed and the n. hexylidene-t-butylamine was 
recovered quantitatively. 
71. 
As a means of substantiating this behaviour an attempt 
was made to derivatise the carbanion (86) using methyl 
iodide.. This was expected to lead to (87). 
_ 
CH3CH2CH=CH2CH-CH=N-t-Bu 
CH3 
cýý 
However when this reaction was quenched with aqueous 
ammonium chloride the azomethine was recovered quanti- 
tatively. Although this did not succeed such imine- 
enamine equilibria have been reported in cases of azo- 
methines containing (-hydrogen atoms. 
22923 
It is possible that the low reactivity of the ketimine, 
N-(methylbenzylidene) aniline, could arise from similar 
deprotonation of the methyl group to give (88). 
Ph\ 
C=N 
H: C ý Ph 
(881 
In a related study, Konakahara and co-workers found that 
azomethines derived from aliphatic amines did.. not give 
olefins. 
8. They--. attributed this lack of reactivity to 
the absence of filled p-orbitals on the N-alkyl 
group (89) which they said were necessary to 
the transition state (90). 
4 QO 4c 
_" CHs H 0C CH3 
CH3 
Ph% PO 
H OQi: "*CH 
CH3 
C04 
I 
Ph 00 
Hý tA 
stabilise 
PhoýC 940 
HýýSi`H CH, ýýCH 
a 
3 
(90) 
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However this suggestion is not consistent with the 
observations made during this study regarding olefin 
syntheses from azomethines derived from aliphatic amines 
(Table 2.2, (75)-(78)). 
2.2.2 Attempts at isolating the Peterson intermediate 
Since only one previous study was carried out on--the 
reactions of . (-silyl carbanions with azomethines and 
no conclusive evidence was put forward for the mechanism 
it was of interest to attempt the isolation of an inter- 
mediate from this reaction. 
The first step used to isolate such an intermediate 
consisted of forming a carbonyl chromium (0) complex of 
the eC-silylbenzylcarbanion (Reaction 2.3, (92)). 
Reaction 2.3 
phCH=SiMg " CrýCOýý PhCH: SiMe3 
Cr 
OC/ , %CO 
ý - 9' TMEDA PhCHSiMe3 
i. 
Cr(COJ 
(92) 
It was anticipated, on the basis of previous studies, 
that the extra stabilisation imparted by the chromium 
carbonyl group would facilitate the isolation of 'the= 
intermediate. 10,11 
w-BuLi/ 
TMEDA 
co 
73. 
Before the isolation of the intermediate was attempted 
on an azomethine it was tried using benzaldehyde. Hence 
trimethylsilylphenylmethane was reacted with hexacarbo- 
nylchromium(O) in 2-methoxyethyl ether10 and the 
complex tT-(trimethylsilylarene)chromiumtricarbonyl (91) 
was isolated as a green yellow solid. Its subsequent 
treatment with n-BuLi/TMEDA gave the carbanion (92. ) 
which was then reacted with benzaldehyde (Reaction 2.4). 
Different work-up procedures were utilised, - namely, - 
treatment with aqueous ammonium chloride or pyridine24 
or iodine; 
25 irradiation with UV light or sunlight. 
26 
An n., =. r. investigation of the mixture in each case did 
not provide conclusive evidence regarding the formation 
of the desired P-hydroxysilane (93). Attempts to 
separate these reaction mixtures using chromatography 
did not give the hydroxy compound or any other identi- 
fiable product. Since this method was *unsuccessful with 
benzaldehyde, it was not used to isolate the interme 
diate formed from azomethines in the Peterson reaction. 
ý 
An alternativg procedure for.: iiolating the-intermediate 
. Aas been. reported previously; this consists of treating 
the 'C-trimethylsilyl carbanion with, magnesium chloride 
and subsequent reaction with a carbonyl compound 
(Reaction 2.5). 1 The resulting magnesium chloride salt 
of the intermediate (94) yields the corresponding 
ß-hydroxysilane (95) on acidification. 
74 
ý 
PhCHSiMe3 " PhCHO 
Cr(CO)s 
(92) 
Me3S; O- 
. I 
H-C C-H 
II 
Ph Ph 
I 
Cr(COl 
I M%Si OH 
H'C CýIH I1 
Ph ' Ph 
. 
(93) 
MSSiCH: M9CI 
Reaction 2.4 
Aq. NH4C1 
or irradiation 
or complexation with pyridine 
or sunlight 
or iodine 
.C r(CO)3 
Reaction 2.5 
OMgCI 
" leR=C=O _p. MesSiCH2CWR= 
ý+ 
" 9H ` 
ýSiCHýWR= 
(04 
(94) 1 
I 
75. 
When this method was tried using freshly prepared 
trimethylsilylbenzyl-magnesium bromide(96) and N-benzylidene- 
2-propylamine. (97), no reaction occurred and the 
was recovered quantitatively (Scheme 2.4). 
Scheme 2.4 
PhCHSiMe3 MgBr2 
I 
PhCHSiMes 
lJ MgBr 
feCH-NR2 (97) 
Pti, 
H H'R' 
-ý C -C 
MgSi NR: MgBr 
R1=Ph, R2=i-Pr 
azomethine 
ý 
ýº 
CC Ph \1 
HR 
Me4Si NHR= 
It was conveniently found, that iiixthe . reaction of the 
.o -trimethylsilylbenzyl carbanion with neopentylidene- 
aniline the olefinic product was accompanied by its 
precursor, the intermediate F-silylamine, 
2,2-dimethyl-3-(N-phenylamino)ý trimethylsilylbutane 
(Reaction 2.6, (98)). 
Ph Mý 
HýC 
ýiH 
, 
MSSi 
6Ph 
(98) 
76. 
Interestingly, the intermediate was isolated from this 
reaction at both room temperature and at 70 
°C in 33ö 
yield, with the olefin being formed in 19 and 48% yield 
respectively (Table 2.3). Further, in no other olefina 
tion system studied was the corresponding intermediate 
observed. 
2,2- Dimethyl-3-(N=phenylamino)-4-phenyl-4-trimethylsi= 
lylbutane (98) was isolated from the . reaction mixture by 
column chromatography. It was characterised on the basis 
of its elemental composition, i. r., 
1H 
and 
13C 
n. m. r. . 
and mass spectra. These are illustrated in Figs; 2.1-2.4 
The fact that the intermediate was isolated in the 
presence of the olefin product shows that this particu- 
lar anion (99) does not undergo fast: elimination, but is 
sufficiently stable to be protonated and isolated. 
PhN SiM@3 
C- 
+* iIf MýC H Ph H 
Cý) 
The high stability of the intermediate must, in part, be 
attributable to the presence of the t-butyl group. 
Azomethine (78) differs fraa azomethine (70) only in 
that R1 changes from a phenyl to a t-butyl group. With 
all other conditions being similar only the system invol- 
77. 
Fig. 2.1 AH n. m. r soectrum of 2,2-dim ethvl-3-(N-phenvl- 
amino)-4-phenvl-4-trimethvlsilvlbutane 
aH 
Fig. 2.2 
13 
C n. m. r spectrum of 2,2-dimethyl-3-(N-phenvl- 
amino)-4-phenyl-4-trimethylsilylbutane 
78. 
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involving N t-butylideneaniline (77) afforded the 
corresponding intermediate. 
The increase in yield from 19 to 48% (when the reaction 
temperature was raised from 25 to 70 °C and the reaction 
time from 1 to 12h) whilst the yields of isolated inter- 
mediate remained constant is difficult to rationalise. 
Further work is necessary in order to explain the. rela- 
tive amounts of intermediate and olefin in the systems 
satisfactorily. 
2.2.3 Mechanistic rationalisation of the Peterson 
reaction 
The olefins obtained in all these reactions consist-of 
a trans: cis ratio of 98: 2. The preponderance of one 
isomer results from the reaction being either thermo- 
dynamically or kinetically controlled. 
In a kinetically controlled reaction, interactions in 
the initial' approach of reactants (i. e. formation of the 
transition-state) determine, the relative amounts-: of 
products. In a thermodynamically controlled reaction, 
the relative amounts of products are determined by their 
relative stabilities. 
There is evidence that the intermediate is formed rever- 
sibly; when the isolated intermediate (ß-silylamine (100)) 
was treated with acid or base, it gave not only the 
corresponding trans-alkene but also the reactant 
80. 
trimethylsilylphenylmethane (Reaction 2.6). Such a 
reaction provides unambiguous evidence of the reversi- 
bility of the first step in the olefination process. 
irreversible step would only give the olefin. 
Reaction 2.6 
n"BuLi 
Mss; NHPh 
C -C 
Ph/ HMC\. H 
e3 
(, oo) 
Ph\ /N 
HCM % 
. + 
PhCHZSiMe3 - 
Ph\ H 
BF3-OEt C; C 
H/ \ CMe3 
PhCH2SiMe3 
An 
The initial attack of the . C-silyl carbanion on the 
carbon atom of the azomethine group is expected to lead 
to the threo (101) and erythro (102) intermediates which 
in turn eliminate to the r ns- and cis-alkene (103) and 
(104) (Scheme 2.5). 
From the n. m. r. of the reaction mixture it appears that 
only one form of the intermediate, either the erythro or 
or threo, is favoured. due to the reversible formation of 
the intermediate. In order to gain some understanding 
of the preferred formation of one isomer to the other 
the different conformations of the intermediates will be 
considered. These conformations are illustrated in 
Fig. 2.5 
81. 
Scheme 2.5 
PhCHSiMe3 
Me35i NR2 
C -c Ph-O"/ Ä %-H 
H Fe 
(101) 
I 
Ph 
J C`RI 
(103) 
+ 
I, 
+ 
RI CH=NR2 
Me3Si AR 2 
C-c 
Ph. "''1 1 R' 
HH 
(102) 
i 
Ph` I 
H" 
C Cý 
(104) 
Of the possible conformations leading to the threo 
intermediate, the staggered form (107) is the most 
stable. On the other hand the eclipsed conformation 
(108) may be more stable than expected if there is a 
significant stabilising interaction between NR2and 
SiMe3. Considaa ation of the conformations (109 _ (112. ) 
show that (109) is the lowest energy form since there 
are only two gauche butane-type interactions. In this 
case the form (112) would not be expected to be very 
stable due-to-the eclipsing of : -the 
two bulky 
groups. Thus, if the silicon-nitrogen interaction- is 
important the threo form (108) will be preferred to the 
erythro form (11.2 ). But if.:. the interaction- bears no 
-MezSi N R2 Me3SiNR2 
_1 
82. 
Fig. 2.5 Possible conformations of the Peterson azomethine 
intermediates 
Threo- intermediates 
NR= 
Ph 
CI q 
elOo 
ýý 
Ervthro- intermediates 
RZ 
, 
Ph SiMe3 
H 
H 
(i io) 
Ph 
('I') 
(112) 
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importance it is difficult to decide between (107) and 
(los). 
However, in order to understand the preference of the 
trans- over the cis-alkene the mode of elimination must 
also be considered. On the basis of the Peterson carbo- 
nyl olefination, 
27 
the elimination of the N-trimethyl- 
silylam ino group from the isolated intermediate can 
take place in either a syn- or anti-manner depending on 
the conditions (Schemes -2.6 and 
2.7). 
In the azomethine system the trans-alkene was solely 
formed under basic and acidic conditions. One explana- 
tion for this phqenorn is that base and acid-catalysed 
eliminations do indeed occur via syn- and anti- 
mechanisms respectively; but since the two intermediates 
are in equilibrium, one reaction occurs via the major 
form and the other reaction via the minor form. Alternatively, 
if both reactions occur via breakdown of the major 
intermediate only, and if the erythro intermediate was 
favoured, anti-elimination under either condition would 
be required to give the trans-isomer. On the other hand, 
syn-elimination of the threo intermediate is necessary 
in each case to give the rn -alkene. A syn-type 
elimination is more likely since under basic conditions 
2 
attack of the silicon by the !R can only occur intr. a- 
molecularly in such a fashion. By analogy with the 
conventional Peterson reaction this points to the predo- 
minant formation of the thug intermediate. 
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PhCHSiMe3 
Me=Si 
NR2 
C-C 
PhW= I'=Rl HH 
Scheme 2.6 
1 
12 RCH=NR 
r 
Me3Si NR2 
1/ 
C-. C 
[im'_ 4, '"H HR 
Threo- 
Base SYNC 
ELIMINATION 
MesSiNR2 
C--C 
PhI: . 4-%W HH 
Aq. NH4CI 
P; H 
HýC_ 
C\itý 
Trans- 
Me3SIOH + R2NH2 
Aq" NH4CI 
Ph R 
C=C 
H/ \H 
Cis- 
+ Me3SiOH + R2NH2 
C-. C 
Ph *4 _4 '" ,H HR 
Ervthro- 
Base 
MeýSi t; NR2 
C -- C 
Ph'O= *4 iH H R' 
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Scheme 2.7 
PhCHSiMes + R1CH-NR2 
MesSi N RZ 
C -- C 
Ph( 4 "' R' HH 
I 
H R' 
Threo- Ervthro- 
JH' 
H` 
Me3S; NHR= 
r. -C PhIf 1 4'ý'R' 
HH 
I 
ANTI- 
rMe3Si NRZ 
i/ 
C--C 
Ph*' = /H 
H Rl 
Me3Si NHR2 
x/ 
C _C Ph'i-I I LyH 
H R' 
ELIMINATION H` 
M03Si H Me3 ý R' ý'ý r.. Rý CL CH 
ý- Ph H ýIVH=R= 
Aq. NKCi Aq. NH4CI 
P`h tt P\ /H 
C =C =C f /C i H 
Cis- 
ý HTrans- 
Ph 4,1 
H 
ýNHzR2 
C -- C Pho'_'- 
. 
. MeSSiOH . R=NH2 . MesSiOH + R2NH2 
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If as suggested, under basic conditions, elimination 
occurs in a syn-fashion, it is not surprising that the 
mss-isomer predominates; the transition state (113), 
leading to the trans-isomer from the threo intermediate, 
is of much lower energy than (114) which leads to the 
cis-isomer from the ervthro intermediate. 
Ph 
(113) 
Ph 
Me3 C 
(114) 
The corollary of this is that the acid-catalysed reac- 
tion of the azomethine leads to syn-elimination as oppo- 
sed to the anti-elimination observed by Hudrlik. 
27 
The fact that syn-elimination from the threo isomer 
occurs either in acid or base indicates that the tri- 
methylsilyl group does not necessarily require to assume 
a trans-diaxial relationship (115) in order to stabilise 
a developing beta positive centre. 
Ph 
(S) 
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An alternative explanation. involving the erythro . 
isomers, as the predominant species is possible if the 
syn-type elimination is nottereospecific. Thus elimi- 
nation could occur via initial cleavage of the C-Si8Ie3 
to form the carbanion (116). Fast rotation along the 
C1-C2 bond may lead to carbanion (117) which eliminates 
RRSiMe3 to form the thermodynamically-stable trans- 
alkene (118) (Scheme 2.8). 
Scheme 2.8 
RN SiMe3 NRSiMe3 N RSiMe3 
ý"Ph Fast 
I Fast , 
cC 
Cy--Cs'* H =-' 0%C2>, 4, 
C2 
H Ph Rotation' 4 ý 
Ph H 
Erythrö- (116) 
/ 
(117) 
\C 
=c 
H 
\Ph 
ý118ý 
ý 
NRSiMe3 
Slow 
Since the ratio of the trans- to cis-isomers was similar 
in the other reactions where the intermediates were not 
isolated it would appear that all the reactions invol 
ving azomethines react by a similar mechanism. 
11 
In the only previous study of the reaction of the 
d -silyl carbanion with azomethines, Konakahara showed 
88. 
the preferred formation of the trans-olefins and also 
suggested syn-elimination of the intermediate. The 
results obtained in this study agree with both these - 
conclusions. 
The predominance of the trans-isomer was attributed by 
Konakahara to the interaction between the occupied p- 
8 
orbitals of the N-phenyl ring with an empty d-orbital 
on the silicon atom in the transition state of the first 
step of the reaction (Reaction 2.7). This implies the 
exclusive formation of the threo ß-trimethylsilylamine- 
(119) which eliminates the N-trimethylsilylanilide to 
yield the trans-olefin. 
Reaction 2.7 
ph, 
ý0 
40 
.ý 
"G _N 
Ph Hý ý 
ýC ýN 
LDAITHF 
ý 
R Ph -ý5c. 
(119) 
ý QO 
ý SiMe3 
H 00 
This proposed mechanism can account for the reactions 
involving the azomethines (70). and (78) (Table 2.3). 
However, the R groups on the nitrogen of the azomethines 
C71), (72), (73), (76) and (77) have no occupied. 
orbitals for such a mechanism to be applicable. 
-Despite the fact that some azomethines are not reactive 
and that there is no apparent trend in the yields of 
89. 
olefins, this method of olefination is extremely useful 
in that it is highly stereoselective with reasonable 
yields of products. (Table 2.3). These characteristics 
make it a superior method to the usual Peterson carbonyl 
olefination reaction. One draw-back is the unavailabi-. 
lity of a system which leads to the cis-isomer. 
1 
90. 
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3. Studies of 2-trimethylsilyl substituted`aziridines 
3.1 Introduction 
Since the original synthesis of ethylenimine by 
Ladenburg1 in 1883 a great deal of work has been 
carried out on this class of compounds. This has 
resulted in a large variety of aziridines. Two of the 
most frequently used methods for preparing aziridines 
are the Gabriel 
2- and the Wenker3 syntheses. 
The Gabriel method. -involves-a two step synthesis: 
(i) a suitably substituted ß-amino alcohol is conver- 
ted into the corresponding ß-haloamine-and (ii) the 
latter,, on treatment with an alkali, leads to the 
aziridine (Scheme 3.1). The Wenker synthesis, a modi- 
fication of the Gabriel synthesis, was reported in 
1935. This involves the conversion of the amino : alcohol 
3 
into the $-amino hydrogensulphate followed by treat- 
ment with an alkali (Scheme 3.1). 
ti Scheme 3.1 
II 
-c-c- rýý 
RNH Cl .ý( 
-C-C- -C-r__ ii RNH OH 
ý 
II 
-c-c- I 
'N' 
I 
R 
(i)= Gabriel synthesis (ii)= Wenker synthesis 
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Despite the considerable attention that aziridines 
have received 
4 
very little work has been reported on 
the chemistry of silyl-substituted aziridines. 
Aziridines containing a silyl group bonded to a ring 
carbon was first obtained by Andrianov. and co-workers 
in 1964.5'6 These were formed in moderate yields by the 
interaction of benzylazide with (1-methyl-l-hexamethyl- 
disiloxy)silylethene (120) (Reaction 3.1). 
Reaction 3.1 
CH3 
! 
Me3SiO--Si-OSiMe3 
! 
CH=CH: 
(120) 
CH3 
I 
Me3SiO-Si-OSiMe3 
. PhCH2N3 ý 
CH 
. N2 
Ph H2C-N- C H2 
An alternative preparation was devised by Ettenhuber 
and Ruhlmann. 
7 This involves the reaction of a vinyl. -.. 
silane with trimethylsilyl azide (Reaction 3.2). 
Reaction 3.2 
(EtISi CH=C H= . Me3SiN3 _. _30, 
SiEt 3 
N 
/I \ 
HzC-CHSiEt3 + N2 
The results of Andrianov have subsequently been 
reproduced by Bassindale and co-workers; but they 
were unable to repeat the work of Ettenhuber and 
94. 
Ruhimann. They obtained enaminosilanes instead of the 
proposed aziridines. 
8 
Duboudin and Laporte have since prepared silylated 
aziridines in 57% yield by the reduction of silyl 
bromoazide using lithium aluminium hydride 
(Reaction 3.3)! 
Reaction 3.3 
Me2SiCHCH2Br 
UAIH4 
I 
N3 
NH 
H2C-CHSiMe3 + MesSiCHCH2Br 
NH2 
They have also devised methods for the preparation of 
silicon-containing 1H-aziridines by reduction of 
adducts formed from bromoazide and trimethylsilyl" 
styrene using lithium aluminium hydride in 70%-yield 
(Reaction 3.4) 
O 
Reaction 3.4 
ý 
NH 
LiAIH4 
PhCH-CHSIMe, --. -+ PhHC-CHSiMe3 " PhCH-CH: SiMe, 
N3 Sr NH2 
I 
Vakrushkev and co-workers have obtained silyl_1H_ 
aziridines in 30% yield by the treatment of methyl-N- 
(2-iodo-2-triethyl silyl) ethyl carbamat e (121) with 
95. 
alkaline alcohol (Reaction 3.5)- 
11 
Reaction 3.5 
HH 
Et, Si-C-C -NHCOOMe 
1H 
(121) 
Alkaline 
alcohol 
COOMe 
N 
/\ - 
H2C-CHSiEt3 
Lukevics and co-workers have shown that the methyl-N- 
(2-chloro-2-trimethylsilyl)ethylcarbamate undergoes 
cyclisation in liquid-solid phase transfer catalysis 
to give the corresponding 1-carbmethoxy-2-trimethyl- 
silylaziridine (122) in 75% yield (Reaction 3.6). 
12 
The method was adopted for the-synthesis of 
1-carbethoxy-2-(trimethylsilyl) methylaziridine (20%) 
by cyclisation of a mixture of ethyl-N-(1-chloro- 
methyl-2-trimethylsilyl) ethylcarbazaate. and ethyl-N- (2- 
chloro-3-trimethyisilyl)propylcarbamate. 
12 
Reaction 3.6 
ý 
COOMe 
HHN 
Me, SI... C. -C-NHCOOMe 
NaOH/ Hexane H2C -CHSIM II +º-OctýN Br 
e' 
CI H (122)' 
The stereochemistry and mechanism of ring closure in 
the synthesis of aziridines has been well studied. 13-17 
Weissberger and Bach proved that the Gabriel ring 
96. 
closure occurs with inversion at the substituted carbon 
atom; cyclisation of (-)-erythro-1-amino-l-chlorobi- 
benzyl led to the optically active trans-2,3-diphenyl- 
aziridine (123) and (-)-threo-l-amino-l-chlorobibenzyl 
gave the optically inactive cis-2,3--diphenylaziridine 
(124) (Scheme 3.2). 13 
Scheme 3.2 
H CI 
Ph- %I C- 1ý,,, 
Ph 
NH2 H 
Phk I 
CI 
; ",. Ph 
NH= H 
NH 
H "..,, /\. P 'h 
Phý-c, 
' 
H 
C 
(123) 
NH 
Ph., 
,/\ 
Ph 
" C- 
HH 
(124) 
Other workers have demonstrated that the mechanism of- 
ring closure in the Wenker synthesis proceeds in a 
similar fashion. 
14 In contrast the meohanism of ring 
closure in thLI synthesis of silyl-substituted aziri 
dines has received little attention. In the one . 
instance where the preparation of the. aziridine could 
lead to the diastereoisomers (Reaction 3.4) the product 
was stereospecifically ns-. 
10 These workers did not 
suggest whether formation of the trans- isomer occurs 
with retention or inversion of configuration. However, 
it would appear that the reaction proceeds with inver- 
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sion of configuration, since the addition of iodoazide 
to the trans-alkene is expected to give the erythro 
adduct which is the precursor to the trans-aziridine. 
(Reaction 3.7). 10 
Reaction 3.7 
Ph ýI 
PhCH-CHSiMe3 ICI, NaN3 HýC__C,,, 
CH3CN I1 'H 
ý 
N. SiMe3 
LiAIH4/EtZO 
NH 
Ph, /\ ,H y, c -CP 
Hý "*SiMe3 
Aziridines and their derivatives have found many appli- 
cations in industry. 
4918919 For instance, they are used 
in textiles, plastics, adhesives, lubricants and fuels 
among other things. Further they are of considerable 
biological interest. 
20-22 They have mutagenic, carcino- 
genic, antimicrobial, herbicidal . and 
insecticidal 
properties. They are used as anticancer drugs and they 
owe their activity to the fact that aziridine rings can 
undergo ring-opening reactions with nucleophiles 
(Reaction 3.8). 
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Reaction 3.8 
ýC- CHz 
NuH I 
NHR 
Nu -/C--CHs 
Aziridine drugs, such as antibiotic mytomycin C23 
(125) and the anticancer nitrogen mustard drugs of 
tetramine23 (126)tare believed to cross-link the two 
strands of the helix of DNA by alkylating nucleophilic 
groups on the purine and pyrimidine bases. hence 
interrupting cell-division. Antibiotics of this type 
are being currently screened for possible uses in 
cancer therapy. 
CH2OCONH2 CNY ý NI 
OCH. ý' 
ý 
R 
I 
/Ný 
(1zs) 
ý 
- ---a N /N 
N 
ý 
(126) 
Since silyl-substituted aziridines are relatively new 
and few of these systems have been studied, little is 
known about their chemistry. As a consequence, it was 
of interest to examine : the potential of such aziridines. 
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The work covered in this chapter is concerned with: 
(i) the study of a modified Peterson reaction aimed 
at synthesising silyl-substituted aziridines, 
(ii) the synthesis of silyl-substituted aziridines by 
thermolytic or photolytic methods, 
(iii) the ring preserving reactions, including 
desilylation, 
(iv) the separation and studies of enantiomers of 
silyl-substituted aziridines. 
1 
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3.2 Results and discussion 
3.2.1 Synthesis of silvl-substituted aziridines using 
a modified Peterson reaction 
The route attempted for the synthesis of 2-trimethyl- 
silylaziridines consists of a cyclisation reaction 
between an o(-chloromethyltrimethylsilyl carbanion 
and an azomethine of the type illustrated in Fig. 3.1. 
Fig. 3.1 
le 
ýR3 RI \ C=N 
Entry R1 R2 R3_ 
127 Ph H C3H7 
128 Ph H Ph 
129 Ph H CH(CH3)2 
130 Ph CH3 C3H7 
131 But H C3H7 
132 C5H11 H C3H7 
133 CH3 H C3H7 
In a typical reaction the a(-chloronethyltrime'thy. lsilyl 
carbanion was formed by the reaction of -d. chloro- 
methyltrimethylsilane in freshly distilled tetrahydro- 
furan with a solution of sec-butyllithium/'IMEDA in 
cyclohexane at -78 
°C. The-resultant carbanion was 
treated with a solution of an azomethine in tetrahydro- 
furan At ca. -65 
°C. The mixture was allowed to stand 
for 2-"hours at -50 
0 C9 then quenched with aqueous 
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ammonium chloride at room temperature. The residue was 
separated from the ethereal extracts by column chroma- 
tography or distillation under reduced pressure. The 
results are listed in Table 3.1. 
Of the seven azomethines used only (127) and (128) gave 
an aziridine as product. N-benzylidene-n-propylamine 
1 
(127) gave stereo selectively cis-l-propyl-2-trimethyl- 
silyl-3-phenylaziridine in 53% yield. N-benzylideneani- 
line (128) led to 1-phenyl-2-trimethylsilyl-3-phenyl- 
aziridine in 77% yield as a mixture of cis- and trans- 
isomers in the ratio of ca. 1: 1. N-methylbenzylidine-n- 
propylamine (130) reacted with the silyl carbanion to 
give F-trimethylsilylethylphenyl. ketone in 30%yield. 
N-Ethylidene-n-propylamine (133) led to a product of 
high carbon content on distillation. Azomethines (129), 
(131) and (132) gave no reaction. 
The inability of azomethines -(130) : and (131) to form 
an aziridine is probably due to steric factors. The 
former system afforded ß- trimethylsilylethylphenyl 
ketone. The formation of this ketone may be rationalised 
by initial deprotonation of the azomethine. This anion 
then attacks the «-carbon of the unreacted o(-chloro- 
methyltrimethylsilane to give the ketone (134) on 
hydrolysis (Scheme 3.3). 
In the case of azomethine (129) failure to obtain the 
corresponding aziridine may be due to steric and 
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electronic effects. The rate of attack of the carbanion 
on the azomethine could be slow as a result of the 
steric destabilisation of the transition state (135) 
by the bulky isopropyl group. Further, the (+)-I effect 
of the isopropyl group could hinder the delocalisation 
of the electrons in the C-N bond, again raising the 
energy of the transition state (Scheme 3.4) 
Scheme 3.3 
Me, SiCH2! Ci 
1: 
CH2 
Ph_C-NCH2CH2CHa 
PhCH NCH: CHzCH, 
ý. 
_ CH 
Cl Si Me, 
I 
PhCH-(dCH=CH=CH, 
I 
CH 
CI Si Me, 
I 
PhCHý 
NC H=C H=C Ha 
Me, Si CHý 
-CI- MeaSiCH2CHZ 
Scheme 3.4 
.,, Ll 
kCfls 
_. w"  0 
Lýý 
C=0 + CH3CH2CH2NH2 
Ph/ 
(134) 
Me, Si CHzCHZ 
rn%. n=n%. n "CH3 
CH 
/\ 
Cl Si Me3 
Ph/ 
jH2O 
'If. PhCH-NCHrC I-kC H3 
CH 
Cl 
Si 
Me3 
135) 
C= NCH_CH, CH, - 
k 
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The failure of the carbanion to react with the azome- 
thine (132) may arise from deprotonation of the carbon 
24 d to the C=N group- (Scheme 3.5). Such. -. a.. behaviour.. 
was observed . 
in' one of the.. reactions discussed in 
Chapter 2. 
Scheme 3.5 
R1 CHZCH=NR= Base RI CH - CH \_ 
NR 2 
(136) 
The reaction involving the azomethine (132) led to a 
brown mixture which was analysed by 
1H 
n. m. ro spectros- 
copy. Weak resonances were observed in the olefinic 
region: On attempting to isolate the product components 
by column chromatography, the starting azomethine was 
recovered. Such weak olefinic resonances most likely 
arise from the metallo enämine (136). 
On the other hand the reaction of azomethine (133) with 
the o(-chloromethyltrimethylsilyl. carbanion furnished 
no evidence for the formation of the metallo enamine 
(136). However, a tarry brown product other than the 
desired aziridine was obtained on work. -up. The distilled 
product could not be characterised but the analyses 
indicated that the intermediate (137) did not cyclis. e=. " 
It probably underwent inter-lather than intramolecular 
nucleophilic substitution leading to a polymeric. 
product. This resulted in a product having a high carbon 
content as indicated by 
13C 
n. m. r. 
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CHaCH-NCH2CH2CH3 
I 
CH 
Cl SiMe3 
(137) 
In the reaction leading to the 2-trimethylsilyl 
aziridines, the first step entails attack of the 
ot-chloromethyltrimethylsilyl carbanion on the azo 
methine carbon. This step is analogous to that which 
occurs in the Peterson alkene synthesis (cf. Chapter 2). 
However, the reaction leading to aziridine differs from 
the Peterson olefination reaction in that a leaving 
group is available on the carbon o(--to silicon in the 
silyl anion. This permits intramolecular nucleophilic 
attack accompanied by cyclisation rather than elimina- 
tion of the ß-aminosilane (Scheme 3.0). 
Scheme 3.6 
-N= C" + Me3SiCHR 
Jr 
n-ý 
R' 
,, 
C- N- 
LA 
C-SiMe, 
R=C1 R=Ph 
ýC Cý Cý 
/\ 
10 6. 
The cyclisation reaction is similar to the Darzens 
reaction whereby a carbanion reacts with a carbonyl 
compound to give an epoxide (Scheme 3.7). The carba- 
nion is formed on. treatment of a ß-haloester with a 
base and on reaction with a carbonyl compound gives an 
intermediate oxyanion (138). This oxyanion displaces 
the halide ion in an intramolecular nucleophilic 
substitution. 
Scheme 3.7 
R' ýC=O 
" 
R 
I 
CICHCOOEt RZ C-Oj 
Ci 
I 
- CH-000Et 
(138) 
-CI- 
R /COOEt 
RC 
C\ 
H 
It has been shown that the Darzens reaction, which 
involves unhindered carbonyl compounds, stereoselec- 
tively leads to the rans-epoxide. 
25 A hindered carbonyl 
group initially leads to the trans-isomer but on longer 
or more drastic conditions, epimerisation proceeds with 
crystallisation of the more insoluble cis-isomer. It 
was therefore suggested that the trans-isomer is kine- 
tically preferred while the cis-isomer is thermodyna- 
mically favoured, where the definition of thermodyna- 
mically includes the free energy of crystallisation. 
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However, the o(-chloromethyltrimethylsilyl carbanion 
reacts with N-benzylidenepropylamine (127) to give 
stereoselectively cis-2-trimethylsilylaziridine and 
with N-benzylideneaniline (128) to give cis- and. trans- 
2-trimethylsilylaziridine in almost equal amounts. 
On the basis of previous work, 
26 
the mechanism of 
ring-closure in the formation of 2-trimethylsilylazi- 
ridine can be rationalised in terms of attack of the 
e(-chloromethyltrimethylsilyl carbanion on the azome- 
thine carbon to give the intermediates (139) and (140) 
(Fig. 3.2). 
Fig. 3.2 
Me, S; H NR 
C- , 
pH 
Cl Ph 
(139) (140) 
The cyclisation step proceeds with backside attack by 
the azo anion leading to displacement of the chloride 
ion. Formation of the new C-N bond--is. accompanied by 
inversion of the substituted carbon atom. 
In their study of the Darzens condensation . between 
benzaldehyde. and. ethyl. pschlorophenylacetat. e, 
Zimmermann and co-worker25 rationalised . the.. reaction in 
terms of the.. rovers ible.. formatioa: of. the Aldol. interme- 
Me'Si`H' NR 
C-,, 
HPh 
CI H 
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diate (143) prior to the rate determining cyclisation 
(k_1> k2) (Scheme 3.8). 
Scheme 3.8 
\C =0 + 
C\C 
-C 
OR 
-ý 
, 
CI 
CI 
ýCOOR H/ 
141 (142) 
kH 
Ö' ýý 
(143) 
0 
/COOR C -C H' (144) 
On the basis that-the product, ethyl 2,3-cis-diphenyl- 
2,3-epoxypropionate, is formed to the exclusion of the 
trans-isomer, they concluded (i) that the. overall rate 
of formation of the cis-isomer is greater than that of 
the trans-isomer and (ii) that the free energy of the 
transition state for the cis-isomer (145) to be lower 
than is the case for the trans-isomer (146). To explain 
the greater stability of (145) despite the cisoid nature 
of the bulky phenyl groups they resort to 'overlap 
control'. This is said to involve delocalisation of elec- 
trons from the electron-rich p-orbital on C-2 to the car- 
bonyl *-orbital. Further this necessitates a strict conforma- 
tion between C-2 and the carbethoxyl group. because the-. elect 
ron p-orbital on. C-2 and the carbonyl group p-orbitals must be 
parallel for optimum overlap. The net result is that the 
carbethoxyl group must lie in the plane C-3. C-2 and the 
first carbon of the 2-phenyl group. Transition. state 
(145) can: meet these requirements readily since the 
carbethoxyl group is trans- to the 3-phenyl group. 
However, the transition state (146) achieves the required 
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conformation less readily due to the carbethoxyl group 
being cis to the 3-phenyl group. 
CI 
(145) 
CE 
=o 
ýýO 
H 3C? Cý 
OJ, 
0 
(146) 
Deyrup, in his study of the modified Darzens reaction, 
synthesised aziridine (147) by condensation of 
N-benzylideneaniline with ethyl chloroacetate and 
aziridine (148) similarly from N-benzylideneaniline 
and 2-chloro-N, N'-diethylacetamide. 
26 
Ph 
I* 
N 
Hý jC02Et C--C 
Phý H 
Cýýýý 
Ph 
I 
N 
HC C\H 
Ph/ CONEt2 
(148) 
The formation of the -aziridine ester (147) is in 
keeping with Zimmermann'-s findings; but both the 
preferred formation of the tr_-aziridine ester (147) 
and the C"-aziridine amide (148) cannot result from 
Zimmermanns proposed mechanism, namely overlap control 
of k2. In contrast Deyrup believes that the stereo- 
chemistry.. is governed by approach control of species 
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(142) towards species (141) to form intermediate (143) 
(Scheme 3.8). In the case of the cis-amide (148)v k2 
is greater than k_1 and k1 (cis) is greater than 
(trans). (r ns). 
Deyrup proposed two possible arrangements (149) and 
(150) which have minimal incipient eclipsing 
interactions. 
HsCtý 
N /-CzHs 
CI 
H 
o' + 
Ph HIK 
Ph 
'(149) ., 
HSC2\_. 
/C2H5 
H 
ý H ýp- 
Ph iK 
Cl 
Ph 
(150» 
)p 
HH 
N(CxHs)x 
_ CI 
ý 
----0 
(148) 
Ph N 
I 
Ph 
ý 
(151) 
The bulky diethylamino group and its probable coplana- 
rity with the enolate anion IT-system stands in opposi- 
tion to the bulk of the chloro group in (150). Therefore, 
the conformation (150) would appear to be the preferred 
arrangement. 
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Recently Konakahara and co-workers reported the 
reaction of an a(-si1y1 carbanion with p-substituted 
benzaldoxime ether: (152) to give the corresponding 
trans-2-aryl-3-(2-pyridyl)aziridines (153) as one of 
the products (Reaction 3.9). 
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Reaction 3.9 
p-XH4C6 
SiMe3 +ýý 
R OMe 
LDA, 
. 
THF 
O 
-90 C 
. Hý/N\ / p-C6H4X 
H 
\/(. -G\ 
(153) 
Rf 
P-C6 H4X 
Similarly, Tsuge and co-workers obtained mixtures of 
cis- and trans-aziridines in 40% yield by reacting 
lithiated 2-(trimethylsilylmethyl)pyridine with a 
series of nitrones of type (154) (Reaction 3.10). 28 
ti 
SiMes 
Reaction 3.10 
O 
t. 
Ar-CH=NR 
(154) R 
/N 
PyCH2 OH 
> HC-CH * ArCH-NR 
Ar lpy 
(152) 
Ar=' Ph, p--CH30C6H4 " P-CH 3C6H4 
R= CH3, PhCH2 
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Kotera and co-workers have obtained the cis-aziridine: 
by using 2-(2-pyridyl)acetophenone oxime instead of the 
oxime ether (152)(cf Reaction 3.9). 
29 
In all these studies the stereochemistry of these 
reactions was not discussed. 
In our modified Peterson reaction the formation of 
cam- and trans-2-trimethylsilylaziridines most probably 
depends on the direction of approach of the . (-chloro- 
methyltrimethylsilyl carbanion towards the azomethine 
which leads to the intermediate prior to cyclisation. 
Bassindale and Taylor have proposed a model for 
approach control in reactions of prochiral carbanions 
with prochiral carbonyl compounds. 
30An 
approach angle 
of at least 109° is assumed between the line of attack 
of the carbanion and the C=O plane. They suggest that 
the stereochemical outcome of the reaction is. -mainly 
influenced by the disposition of the smallest carbanion 
ligand (S) between the large (L') and (S') groups of 
the carbonyl `compound (Fig. 3.3). 
Fig. 3.3 
L 
S' C. M 
S>.; `C=0 
I 
L' I 
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The most favoured disposition of the remaining ligands 
is with the medium group (M) gauche to (L') and the 
large group-(L) gauche to S'. 
The formation of the 2-trimethylsilylaziridines can be 
explained in terms of the F3assindale and Taylor model. 
Since the SiMe3 group is bigger than the Cl group, the 
favoured approach can be represented as in Fig. 3.4. 
Fig. 3.4 
CI 
C-5iMe3 Ph ,, / / H ''",,, 
'C=NR 
H 
I 
Attack of c<-chloromethyltrimethylsilyl carbanion on the 
the azomethine carbon leads to the intermediate 
carbanion (155) which then : rotates to give (156). 
Cyclisation, followed by chloride ion displacement 
gives the cis, aziridine (157) (Scheme. 3.9). 
Scheme 3.9 
iNeySi Cl NR -, 11 
c --c 
H 
H1% Ph 
(155) 
MesSi+,, 
c 
H4f 
ý 
HS im NR 
C-C 
0"' Ph 
CI H 
(156) 
(157) 
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However, the cis-isomer is favoured by approach control 
as long as addition of the carbanion to the azomethine 
is not reversible. 
On the other hand the mixture of cis- and trans-l- 
phenyl-2-trimethylsilyl-3-phenylaziridines (Table 3.1) 
could arise from reversible attack of the carbanion on 
the azomethine carbon. 
It appears that the reaction of the carbanion (158) 
with the N-Ph substituted azomethine is reversible 
whereas the N-Pr substituted azomethine leads to an 
irreversible reaction (Scheme 3.10). Such a difference 
in behaviour is more likely due to the ability of the 
phenyl ring to delocalise the negative charge on the 
nitrogen atom, hence decreasing the nucleophilicity of 
the T4R2 in (159). Since k2 can be of the same order as 
k-, the reaction is likely to lead to equal amounts of 
cis- and tr n -aziridines: (160). On the other hand the 
negative charge is not stabilised by the N-Pr substi-. 
tuent and therefore it is not unexpected that k2 > k-1. 
. 
In the reaction involving N-benzylideneaniline (128) 
no isomerisation was observed, unlike'in the Darzens3l 
reaction in which the trans-epoxide isomerises in basic 
medium. Indeed when tran -1-phenyl-2-trimethylsilyl-3- 
phenylaziridine was isolated by column chromatography 
and left standing in alkaline medium, no isomerisation 
occurred. 
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Re- R 
iC_Ný H2 
Scheme 3.10 
cl %- 
H; 
C-SiMe3 ý 
(158) 
R2 
1 
ýNý 
n- l 
HC --_CH 
SiMe3 
(160) 
Fe Cl 
II 
C--C 
H, NR2H 
\SiMe3 
ý 
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3.2.2 Synthesis of silyl-substituted aziridines by 
thermolytic and photolytic methods 
The modified Peterson reaction used in the synthesis of 
=ci-l-propyl-2-trimethylsilyl-3-phenyla2iridine and c-/ 
trans-1-phenyl-2-trimethylsi"lyl-3-phenylaziridines 
could not be applied to the preparation. of 1-propyl-2- 
trimethylsilylaziridine (161). This was due to the 
unavailability of the precursor azomethine (162). 
Attempts at preparing the previously unreported 
azomethine were unsuccessful. 
CI 3H, 
H\C CýH HC=N 
H/ SiMe3 H/ CA 
(161) (162) 
In 1983 Barluenga*. and co-woxkers reported the first 
synthesis of monomeric methylenearylamine_(163). The 
latter was obtained by #-elimination of alcohol-from 
lw(alkoxymethyl)arylamine (Reaction 3.11). 
Reaction 3.11 
ArNHCH2OR -ROH ArN = CHz 
(163) 
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However they failed to obtain the corresponding 
methylenealkylamines. Instead the reaction of 
N-(alkoxymethyl)propylamine led to 1,3,5-tripropyl-. 
hexahydro-1,3,5-triazine (164). 
C H7 
/N\ 
H2I 
I 
CH 
\ ý_ , H7 
164) 
Triazines have been used instead of azomethines in 
reactions with triphenylphosphite 
33 (165) 
(Reaction 3.12).. 
Reaction 3.12 
P(OR)= " 
(165) 
P (0R)3 
(165) 
R 
N 
/ ,, H=C CH2 
RNCKNR 
Dil" HCI> 
0 
ROIP - CHzNHR 
O 
. WCH=NR2 Dil" HCI (ROJP11 , CHNHR2 
Rý 
The triazine (164) was reacted with « chloromethyl- 
trimethylsilyl carbanion to give the corresponding. 
aziridine (161) in'löw yield (10%); . 
Hence-än alternative 
approach to the preparation of an unsubstituted 
C-3-aziridine was used. 
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Recently Takeuchi and co-workers reported the synthesis 
of 1-phenyl-2-methyl-3-isopropylaziridine (166) by the 
reaction of phenyl azide and, c_iZ-4-methylpent-2-ene in 
the presence of trifluoroacetic acid (Scheme 3.11). 
34 
The phenyl azide is said to decompose in trifluoro- 
acetic acid via a conjugate acid of the azide forming a 
phenylnitrenium ion. This leads, on reaction with the 
alkene, to the desired aziridine (166). 
Scheme 3.11 
TFA 
f 
N2 
NH 
6a.. H3CCH=CHCH(CH3j 
r- Ph -, Ph 
'OCOCFI 
WH 3 
, 
ýNý 
ýý H' ý, H Ag. Na2C03 H"''C-Cl° H 
Me 41 '*i-Pr Me41 '*`-Pr 
(166) 
When the Takeuchi method was attempted using phenyl: 
azide, vinyltrimethylsilane and trifluoroacetic acid 
in hexane at room temperature, a blue'black tarry 
suspension 'was obtained from which no aziridine was 
isolated. 
But when a mixture of phenyl azide and vinyltrimethyl- 
silane in hexane was heated under ref lux for 3/ hours, 
1-phenyl-2-trimethylsilylaziridine was obtained and 
Ph 
119. 
isolated by column chromatography in 19% yield. 
Irradiation of the same mixture, using a medium arc 
for 3/ hours, gave the same aziridine which was 
isolated in 50% yield. 
An analogous compound, namely 
Ap-bromophenyl-2-tri_. 
methylsilylaziridine, 
8 
was obtained in 55% yield by 
thermolysis. The formation of this aziridine was 
rationalised in terms of a triazoline intermediate 
(167)(Scheme 3.12). 
'Scheme 3.12 
Me3SiCH=CH2 + 
Me 3S' 
IH 
\/ 
N 
C-N 
_HH 
ýp-C6H4Br 
h67) 
ý 
ý 
p-CBH4Br 
Me3Si H 
.N 
ýHH "'NZ 
N2 4` 
Me3Si/C - 
ýH 
C-N 
HH \p-CeH4Br " 
It is likely that the formation of 1-phenyl-2-tri 
methylsilylaziridine proceeds analogously. This was 
confirmed-by the formation of the corresponding (uniso- 
lated) triäzoline intermediate (as indicated by the 
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n. m. r. spectrum of the reaction mixture). 
3.2.3 Modification of:: silyl-substituted aziridines 
This Section describes the modification of the 
2-trimethylsilylaziridines through ring-preserving 
reactions. These reactions fall under three categories 
and were chosen to illustrate the behaviour of silyl- 
substituted aziridines towards: 
(i) protonation, 
(ii) alkylation and 
(iii) desilylation. 
3.2.3.1 Protonation of silyl-substituted aziridines 
The protonation of cif-l-propyl-2-trimethylsilyl-3- 
phenylaziridine was attempted with trifluoroacetic acid 
in a variety of solvents. The solvents used were deute- 
rated chloroform, diethylether ,, dimethoxyethane, 
hexane/diethylether (11: 1) and methanol at room tempe- 
rature and at -11 
°C. In each case the aziridine was 
successfully protonated and the aziridinium salt formed 
isolated. On treatment of the aziridinium salt with 
aqueous sodium hydroxide the aziridine was recovered 
quantitatively. (Reaction_3.13). 
When the same aziridine was treated with trifluoror 
methanesulphonic.. "acid in methanol at room temperature, 
the corresponding aziridibium salt was again formed. 
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Reaction 3.13 
C3H7 
I 
N 
HC CiH 
Ph/ l% SiMe3 
H C3H7 
\1 OCOCF3 
CF3CO2H solvent 
HC CýH 
+ Ph/ SiMe3 
On the other hand, cis- or trans-1-phenyl-2-trimethyl- 
silyl-3-phenylaziridine did not yield the-corresponding 
aziridinium. salt on treatment with trifluoroacetic at- 
room temperature. Instead these reactions igave brown 
viscous products; polymeric in. the-case of_ _the cis- 
. 
isomer and -polymeric and desilylated-- in--the_ case of the 
trans-isomer. 
In the presence of acids, aziridines tend to behave as 
typical secondary or tertiary amines. However, as a 
result of the strain in the'-cyclic system, aziridines 
4 
can further undergo ring-opening reactions. This 
characterittic phenomenon has been observed when aziri- 
dines are treated with acids under-varying conditions, 
for example , at" moderatea:. temperatures. 
34-36 
This is 
discussed in greater detail in Chapter 4. Previous 
preparations of azir-idinium 'salts have Involved a. wide 
range of aziridines and generally'the conditions have 
been chosen most carefully in order to prevent the 
possibility of ring=opening. 
34-36 Interestingly 
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1-1-propyl-2-trimethylsilyl-3-phenylaziridine gave 
the protonated salt at room temperature. This suggests 
that silyl-substituted aziridines are more stable than 
their non-silyl-substituted analogues. 
Despite the apparent stability brought about by the 
trimethylsilyl group both cis- and trans-l-phenyl-2- 
trimethylsilyl-3-phenylaziridine failed to give the 
respective protonated salts. Although 1-phenylaziridine 
has been successfully protonated at -60 
0C, 37 the 
inability of cis- or tr ans-l-phenyl-2-trimethylsilyl- 
3-phenylaziridine to give a protonated product has 
no clear rationale. 
3.2.3.2 Alkylation of silyl-substituted aziridines 
The alkylation of cis- l-propyl-2-trimethylsilyl-3- 
phenylaziridine was attempted by two methods. These are 
the reaction of the aziridine in carbon tetrachloride 
at room temperature with methyl iodide or with methyl 
trifluoromethanesulphonate. 
In the former system there was no reaction and the 
aziridine was recovered quantitatively. When methyl 
trif luoromethanesulphonate' was used the quaternary 
aziridinium salt -(168) was formed (Reaction 3.14). 
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Reaction 3.14 
_O 
SOzCF3 
_, 
C3H1 
H\1N CýH Ph/ ýSiMe3 i C F3OSO2CH3 
I "'3C C3H, 
H\/ 
N\ 
ýH 
Ph/C 
C\SiMe 
(168) 
On the other hand, cis-l-phenyl-2-trimethylsilyl-3- 
phenylaziridine did not give the corresponding quater- 
nary salt when it was reacted with methyl trifluoro- 
methanesulphonate. In order to monitor the reaction by 
n. m. r. it was carried out in an n. m. r. tube in carbon 
tetrachloride under nitrogen. The formation of tri- 
methylsilyl trifluoromethanesulphonate was observed in 
quantitative amount which indicates that desilylation 
of the aziridine had occurred. When the reaction 
mixture was left to stand overnight it afforded as the 
major product trimethylsilyl trifluoromethanesulphonate. 
Ring-opening of the aziridine ring had also occurred 
to give a product which was not further characterised. 
Formally, alkylation of aziridines is analogous to 
their protonation but previous studies have shown 
marked. differences in their reaction rates. 
37938 
Whereas protonation involves simple neutralisation and 
is virtually instantaneous, alkylation proceeds by a 
typical SN2 process and has a much lower rate. Conse- 
quently competitive ring-opening reactions may become 
significant. Hence it is reported that successful"prepa- 
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ration of a protonated aziridine depends on its stabili- 
lity whereas alkylation depends on the rates of side 
reactions. On this basis the use of a non-nucleophilic 
solvent, a powerful alkylating agent and an alkylating 
agent which produces an anion of low nucleophilicity 
is expected to enhance alkylation. Even under such 
conditions cis-1-phenyl-2-trim ethyl silyl-3-phenyl- 
aziridine could not be alkylated, and cis-l-propyl-2- 
trimethylsilyl-3-phenylaziridine could only be alky- 
lated with methyl trifluoromethanesulphonate. 
3.2.3.3 Desilylation of silvi-substituted aziridines 
The desilylation. reaction of trans-l-phenyl-2-trimethyl- 
silyl-3-phenylaziridine (169) was primarily carried out 
with tetra-n-butylammonium fluoride in acetonitrile under 
ref lux for 18 hours (Scheme 3.13). 1,2-Diphenylaziridine 
(170) wräs formed quantitatively and isolated from the 
reaction mixture in 70% yield. The reaction was monitored 
by 1H n. m. r. and was found to be essentially complete 
after 2 hour. The attempted desilylation of cis-1- 
propyl-2-trimethylsilyl-3-phenylaziridine under similar 
conditions did not work after 18 hours. The silyl 
aziridine was recovered quantitatively from the mixture. 
The reiktive facile desilylation of the N-phenylsilyl 
aziridine (169) suggests that there is a stabilising 
influence by the phenyl ring on the intermediate 
carbanion. Conversely the lack of desilylation i 
cis-l-propyl-2-trimethylsilyl-3-phenylaziridine reflects 
125. 
the inability of the propyl group to stabilise the 
reaction intermediate anion. (Scheme 3.13). Previous 
desilylation studies have been rationalised in terms 
of similar intermediates. 
38 
Scheme 3.13 
Ph 
( 
H,, /N\ /SiMe3 
Ph/C- 
C\H 
(169) 
+ 
(n-Bu)4NF 
(170) 
h Ph 
H\/Ný 
Ph/C-CýH 
Since desilylation involves a carbanion intermediate 
it was anticipated that the trimethylsilyl group 
on the aziridine could be replaced, not only by a 
hydrogen atom (170), but also by another electrophile. - 
However, when the intermediate carbanion was quenched 
with benzaldehyde instead of water, the product was 
again 1,2-diphenylaziridine after work-up with water. 
3.2.4 Analysis of some of the physical data on the 
silyl-substituted aziridines 
The new silyl-substituted aziridines, cis-l-propyl-2- 
tri. methylsilyl-3-phenylaziridine, 'tr s- and cis-1- 
phenyl-2-trimethylsilylaziridines, 1-phenyl-2-trime: thyl- 
silylaziridine, cis-l-propyl-2-trimethylsilyl-3-phenyl- 
. ý. 
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aziridinium trifluoroacetate, cis-l-propyl-2-trimethyl- 
3-phenyl-N-methylaziridinium trifluoromethanesulphonate 
were characterised on the basis of their elemental com- 
positions which correspond well with their required 
values. They were further studied by 
1H 
ahd 
13C 
n. m. r., 
i. r. and mass spectrometry in some cases-Some of the 
1H 
-and 13C n. m. r. spectral data are given in Tables 3.2 & 3.3. 
Trans-1-phenyl-2-trimethylsilyl-3-phenylaziridine (173) 
and cis-1-propyl-2-trimethylsilyl-3-phenyl-N-methyl- 
aziridinium trifluoromethanesulphonate (176) are white 
crystalline solids which have well-defined melting 
points, 55-57 0C and 122-124 0C respectively. The other 
silyl-substituted aziridines (171), (172) and (174) are 
yellow-brown oily liquids. The aziridinium salt (176) 
was shown to conduct in absolute ethanol (specific 
conductance, k= 3.96 x 10-2 it 
lcm-1 
for a solution of 
3.57 g dm 
3 
of ethanol). 
Referring to Table 3.2, the coupling constants (JHcis-Reis) 
for cis-l-propyl-2-trimethylsilyl-3-phenylaziridine, cis-1- 
phenyl-2-trimethylsilyl-3-phenylaziridine and 1-phenyl-2-tri- 
methylsilylaziridine are 7.5,8.0 and 7.5 Hz respectively. 
The coupling constants (JH ans-Hträns) for trans-i- 
phenyl-2-trimethylsilyl-3-phenylaziridine and 1-phenyl- 
Si, " 2-trimethyläziridine are 4.5 and 5.0 Hz respectively. 
The coupling constants of the silyl-substituted com- 
pounds are within the same range as those of the unsubs- 
tituted aziridines. The protons attached to the ring 
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carbon atoms gave signals between 0.69 and 3.45 ppm 
while the corresponding chemical shifts in the 
non-silylated aziridines lie between 1.0 and 3.0 ppm. 
In the case of cis-l-propyl-2-trimethylsilyl-3-phenyl- 
aziridine the upfield shift of the C2-H is due to the 
propyl group whereas a larger deshielding effect is 
observed in the cases of (172)-(174). The differences 
in shifts can also be attributed to the deshielding 
effects of the N-substituent in (172)-(174). 
The chemical shifts of the protonated aziridinium salts 
indicate that, relative to the unprotonated compound, 
the ring methylene protons are deshielded by ca. 1.85 
ppm. 
Similarly the ring methylene protons in the N-dialkyl 
quaternary aziridinium salt are deshielded by about 
2.25 ppm. The resonances due to the trimethylsilyl 
protons underwent the same deshielding effect, -. that is 
a downfield shift of about o. 49 ppm was observed. 
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3.2.5 Studies on the configuration of silyl- 
substituted aziridines 
Cis-1-propyl-2-trimethylsilyl-3-phenylaziridine, on 
treatment'with (+)_l, 1'-binaphthalene-2,2'-diyl 
hydrogen phosphate ((+)_ BNPA) in methanol, resulted in 
the formation of a white crystalline mixture of the 
diastereo-isomeric (+)-BNPA-(+)-cis-l-propyl-2-trimethyl- 
silyl-3-phenylaziridinium salt (82% pure) and (+)-BNPA- 
(-)-cis-l-propyl-2-trimethylsilyl-3-phenyläziridinium 
salt (70.5% pure). Decomposition of these salts with 
triethylamine afforded enantiomerically impure (+)-cis- 
0 
1-propyl-2-trimethylsilyl-3-phenylaziridine 
C«]519 
89 
+92.52° (0.76 g/100 cm3 ethanol) and (-)-cis-l-propyl- 
0 
2-trimethylsilyl-3-phenylaziridine[d]5 19 
0 
-91.000 
(1.74 g/100 cm3 ethanol) respectively. 
Attempts. to separate the optical isomers of cis-1- 
phenyl-2-trimethylsilyl-3-phenylaziridine failed since 
on treatment with (+)-BNPA no salt was obtained. 
Optical resolution of aziridines by salt formation is 
difficult since they are usually acid-labile and tend 
to polymerise under these conditions. 'In order to over- 
come this problem one group of workers 
39 
prepared and 
resolved *<-( iodomethyl)benzyl carbamic acid-(-)-. 
menthyl ester (178) and (181) (obtained from styrene, 
iodocyanate and (-)-menthol). The resölved ester gave 
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R(-)- and S(+)-2-phenylaziridine (179) and (182) 
respectively (Scheme 3.14),. on treatment with base. The 
absolute configuration was deduced by reduction (using 
lithium aluminium: hydride) of the diastereomeric menthyl 
esters to give S(-)- and R(. +)-N-methyl-o(-phenylethyl- 
amine (177) and (180) of known absolute configuration 
(Scheme 3.14). 
Scheme 3.14 
H\ ,Me HH2I NaOH H\ C'L C` ---ý C- CH2 
Ph N NHMe Ph NHCO2R 
Ph/ ,N 
(s)-(-) (178) 
C02R 
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1. I-NOD 
@ 79) 
PhCH-CHZ 2. R OH (R*=(-)D7enthyl 
*1 ( 
3. Resolution 
Ph` ,. Me LiAiH4 Ph\ ,, 
CH2I NaOH Ph,, 
CC -CH 
H/CýNHMe H/ 
**NHCOzR*H/ ýN4 z 
(R)'(') ý181) CO2R 
. _. ,. 
(, 80) 
lSJ-I-J 
(182) 
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The presence of two chiral carbon centres and an 
asymmetric trivalent nitrogen atom in cis-l-propyl-2- 
trimethylsilyl-3-phenylaziridine allows eight theoreti- 
cally possible optical isomers. This is based on the 
assumption that the rate of inversion at the nitrogen 
centre is very slow. Such inversion is illustrated in 
Fig. 3.5 
Fig. 3.5 
ýOC3H7 
Ph/Nt SiMe3 
C 
H ý- 
C ýH 
(183) 
,,,., 
C3 H7 
N 
Ph., 
,, 
SiMe 
H 
ýC-; 
H3 
(184) 
The rates of inversion have been studied in many cases 
by temperature-dependent n. m. r. spectroscopy. 
40-43 The 
resonances due to the syn- protons in (183) and (184) 
occur at high field while the resonances due to the 
anti-protons are; =found at lower field. At temperatures 
where rapid inversion occurs these signals merge and 
broadening of the peaks occurs. Bottini and Anet40-43 
have suggested that, generally, rapid-inversion rates 
would not permit the separation of syn- and anti- 
isomers. arising from (183) and (184). 
In 1968, Brois separated the syn- and anti-isomers 
of R, S-2-methyl-1-chloroaziridines (185) and (186) by 
133. 
gas chromatography and showed that they did not inter- 
convert below 135 °C. 
44 The syn-isomer 1R, 2S-1-chloro- 
2-methylaziridine (185) was shown to have a specific 
rotation of _810 in nonane at 20 
0C 
and 589 nm whereas 
the anti-isomer (186) iS, 2S-1-chloro-2-methylaziridine 
had a specific rotation of +940 in fionane at 20 
0C 
and 589 nm. 
Cl 1: i0 Ný_ MeJ/cý 
GRd TS -CI 
., H 
(185) (186) 
The 1H n. m. r. spectrum of cis-l-propyl-2-trimethylsilyl- 
3-phenylaziridine indicated that rapid inversion occurs 
since the resonances of the syn- and anti-protons are 
not separated. Hence, the only possible enantiomers 
that were resolved are solely-due to the chirality of 
the ring carbon. atoms. These are-shown in. Fig. 3.7. 
Since the (+)-BNPA-(+)_aziridinium salts were not 
obtained in 100% purity, the optical activity of (187) 
and (188A & 188B) was confirmed by measuring the optical 
rotations of the impure enantiomers. The specific 
rotations of the (+)- and (-)- isomers were determined 
on the basis of the concentration of each isomer in. the 
mixture. However, the R- or S- assignment cannot be 
134. 
made to the structures (187) and (188). 
Fig. 3.7 
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4. Ring-opening reactions of silyl-substituted 
aziridines and eooxides 
4.1 Introduction 
The ring-opening reactions of three-membered hetero- 
cyclic compounds depend upon ring strain and substi- 
tuent effects. In such reactions the most readily 
cleaved bond is that between carbon and the electro- 
negative heteroatom, as indicated in Scheme 4.1. 
Scheme 4.1 
R, ,,,, lC 
X Cýý,,. Rs 
R2,41 R 4 
41 
R2 R4 
and/or 
R. 
ý,, 
- 
R3 
Iº R2 R4 
Most ring-opening reactions may be formulated as 
nucleophilic substitutions involving attack of a 
nucleophile at one of the ring carbons. In all cases, 
the attack occurs with most of the substrate undergoing 
a Walden inversion; 
1-3 the nucleophile attacking the 
carbon at the side opposite the heteroatom ! leaving 
group, This Walden inversion although not predominant 
in some cases; suggests an SN2-type mechanism as shown 
in Scheme 4.2. 
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SN2-type processes are more dominant for heterocycles 
with primary carbons. 19495 However, with unsymmetrical 
heterocycles, nucleophilic attack: can lead to substi 
tution at C1 or C2 depending on the substituents and 
the reaction conditions. 
6'7 
For instance, in the case of epoxides and aziridines, 
the mechanism of all ring-opening reactions are 
described--as SN2 
1,8 
although this is a moot point. 
9 
Moreover, in neutral or basic conditions attack usually 
takes place at the sterically less hindered site (189) 
(Scheme 4.3). 
RgýyC-C,.,. H 
Hý v*H 
Scheme 4.3 
Nu_ ^% HR 
w yt 
---ý RNý ý. N t Hº ýý_.. ý 
.. ,p NU H 
(189) (190) 
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In acid conditions, the nucleophile attacks at the 
carbon which is more liable tO accomödate a positive 
charge in the transition state to give an adduct of 
type (190) (Scheme 4.3). When R is a substitiient such 
as phenyl or vinyl (which can stabilise a positive 
charge by conjugation), attack in acid solution is 
even more strongly favoured at the more substituted 
carbon atom to form (190). When R is electron- 
withdrawing7attack at the carbon devoid of the subs- 
tituent is usually favoured. 
Ring-opening reactions of silyl-substituted three- 
membered heterocycles have only been reported for 
epoxides. Nozaki, Hudrlik and Whithan 
10-14 have shown 
that Attack generally occurs at the carbon oC to 
silicon accompanied by o(-opening of the epoxide 
ring (Scheme 4.4). 
Scheme 4.4 
/ \' 
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Nu 
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With conformationally rigid silyl-substituted epoxides, 
it has-been demonstrated that hydride attack results 
in mixtures of products arising from cleavage of both 
C1-0 and C2-O bonds15,16 (191)(Scheme 4.5 ). 
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Scheme 4.5 
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It has been shown by Fleming17 that the silyl group 
can be attacked in 
(Scheme 4.6). In a 
the presence of a Lewis acid 
rather unusual reaction, the Lewis 
acid-catalysed reaction of the epoxysilane (192) leads 
to subsequent elimination of the silyl and oxygen 
groups to give styrene (193) as a'mixture of isomers. 
Scheme 4.6 
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These workers have also shown that the cleavage of the 
Ci-O bond predominates when there are two alkyl subs- 
Me2A1Q, ýº 
ý'SiMe2CI 
H-. F%' -1'.. 
i 
I 
tituents on C1 or when there is not a good nucleophile 
to attack the carbon a- to silicon. 
142. 
Due to the lesser degree of polarisation in aziridines 
they undergo ring-opening reactions less readily than 
epoxides. Nevertheless the presence of substituents 
capable of conjugating with the nitrogen lone pair 
results in an activated aziridine. Such aziridines do 
not require any further activation to promote ring- 
Y 
opening reactions. 
18 For instance, the activated 
aziridine, 1-benzenesulphony l-2,21 -dimethylaziridine, 
reacts readily with alcohol in neutral conditions to 
give the ring-opened product (194)(Scheme 4.7). 
19 
Scheme 4.7 
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Simple aziridines (i. e. where the substituent on the 
nitrogen atom does not conjugate with the nitrogen 
lone pair) undergo ring-opening readily only if the 
nitrogen first acquires a positive charge (e. g. by 
addition of acid)(Scheme 4-8). 
18 
Scheme 4.8 
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Protonation encourages scission of the C-N bond. 
Activation can also be induced by alkylation of the 
nitrogen atom. This differs from protonation in that 
the latter exists in equilibrium with the non- , 
protonated compound. N-alkylated aziridinium salts 
undergo ring-opening to give a tertiary amine (195) 
(Scheme 4.9). 
Scheme 4.9 
Rv R 
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(195) 
Quaternary aziridinium salts undergo ring cleavage 
typical"-öf protonated aziridines, for example,. by 
solvolysis20'21 and nucleophilic attack by halide 
ions22 and amines. 
23 Solvolysis of unsymmetrically 
carbon-substituted aziridinium salts is discussed in 
Section 4.2.2.2. 
ý 
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4.2 Results and discussion 
The work presented in this Chapter covers the ring- 
opening reactions of: 
(1) some simple silyl-substituted aziridines 
(2) some silyl-substituted aziridinium salts and 
(3) some silyl-substituted epoxides. 
4.2.1 Rina-opening reactions of some simple silvl- 
substituted aziridines 
Cis-i-propyl-2-trimethylsilyl-3-phenylaziridine (196)-, 
cis- and trans-l-phenyl-2-trimethylsilyl-3-phenyl- 
aziridine. (197) and (198) respectively were reacted 
with some of the following: 
(1) gaseous and '. aqueous' hydrogen halides, 
(2) trimethylsilyl halides (TDNSX, X=I, Br, Cl) in 
catalytic and stoicheiometric amounts, 
(3) trimethylsilyl pseudohalides (TMSY, Y CN, N3) 
in the presence of Lewis acids, 
(4) lithium aluminiumhydride, 
(5) sodium methoxide, 
(6) di-n-butyllithium cuprate. and 
(7) pyrrolidine (a) in the presence of alumina 
(b) in the presence of a Lewis acid. 
The reactions (1)-(7) are summarised in Schemes 4.10 
and 4.11 and they are discussed separately in the 
subsections which follow. 
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Scheme 4.11 
X- 
PhHN, /M PhHgN, 
+, 
,H \ //SNe3 -\_ SiMe3 
HlýC 
C\ 
Hý 
Ph X Ph 
I 
. 1. 
/ý/NPhSiMe3 
PK 
Me3Sjy 
Y Ngý 
/H -, -, -Lewis acid 
-r- 
IýNW 
BF3OEt2 
L_/ -- Ph 
Me3SiX 
X BrCI 
Polymeric 
Products 
Ph/(1! Lf"'ýSiMe3 
.r iMe3 
ý , NPhSiMe3 
Ph/- 
147. 
4.2.1.1 Silyl-substituted aziridine - hydrogen halide 
systems. 
The hydrohalogenation reactions of cis-l-propyl-2- 
trimethylsilyl-3-phenylaziridine, cis- and rn -1- 
phenyl-2-trimethylsilyl-3-phenylaziridines were 
effected with aqueous and/or gaseous hydrogen iodide, 
hydrogen bromide or hydrogen chloride. 
A typical run in-aqueous' condition involves slow 
addition of excess hydrogen halide to a solution of 
silyl-substituted aziridine in dichloromethane; and in 
'gaseous' condition the hydrogen halide is sparged 
slowly through a solution of aziridine in carbon 
tetrachloride. The results are presented in Table 4.1. 
Cis-l-propyl-2-trimethylsilyl-3-phenylaziridine (196) 
gave the corresponding ß-haloamine 
(201), which 
decomposed on separation, with aqueous hydrogen iodide4 
with aqueous or gaseous hydrogen bromide or hydrogen 
chloride it gave the corresponding protonated salt 
(199) and'(20Ö) respectively. 
X- 
#vPrFh; ' 
ý 
iM Ph 
Xý e3 
(199 X=C1) 
(200 X=Br) 
*. - P; %-Z 
Ph 
SiMe3 
(201) 
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Cis-l-phenyl-2-trimethylsilyl-3-phenylaziridine (197), 
on treatment with gaseous hydrogen chloride, gave 
mixture of the corresponding ý-chloroamine (202) in 
60?. yield and the protonated salt (203) in 3817o yield. 
The aziridine reacted more slowly with gaseous hydrogen 
bromide to give in 76ö yield the A-bromoamine (204), 
which after isolation, reacted further with excess 
hydrogen bromide to give the protonated salt (205) 
quantitatively. 
Trans-l-phenyl-2-trimethylsilyl-3-phenylaziridine (. 198) 
(Table 4.1) led to polymeric products on treatment with 
gaseous hydrogen chloride or hydrogen bromide at room 
temperature and even at -78 
0C. The products were inso- 
luble in deuterated chloroform, dichloromethane or aceto- 
nitrile but soluble in acetone-d6. Desilylation was 
observed in dimethylsulphoxide-d6. 
The reaction of an aziridine with a halo§en acid is 
generally regarded as the. reaction of 'a-halide ion. 
with an intermediate aziridinium salt (206) 
(Scheme 4.12). 
Scheme 4.12 
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Evidence from kinetic measurements indicates that the 
ring-opening reaction involves an Siv2-type mechanism. 
5 
Since the reactions of cis-l-propyl-2-trimethyl-silyl- 
3-phenylaziridine and cis-l-phenyl-2-trimethylsilyl-3- 
phenylaziridine with halogen-acids take place rapidly 
they are not suitable for kinetic studies by commonly 
available methods. Despite the lack of kinetic evidence 
the products suggest the involvement of an SN2-type 
mechanism which is favoured at the carbon o(-to silicon. 
If this were an SNI'-type process the halide ion should 
become attached to the carbon which is most likely to 
wt 
accomýdate a positive charge in the transition state. 
Nucleophilic attack by the halide ion follows proto- 
nation of the nitrogen atom and in some cases protona- 
tion of the ring-opened product occurs (Scheme 4.13). 
Scheme 4.13 
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The involvement of an SN1-type process would either 
lead to product (207) Or (208) (Scheme 4.14). Product 
151. 
(207) would result from nucleophilic attack of the 
halide ion at the carbonium ion centre whereas the 
enamine (208) would be formed by nucleophilic attack 
at the silicon atom. 
Scheme 4.14 
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Further confirmation for an SN2_type ring-opening 
mechanism was obtained from-stereochemical studies 
which involved treatment of the protonated or non- 
protonated F-haloamine with base. In these reactions 
the corresponding starting silyl-substituted aziridines 
were formed stereospecifically. This shows unambi- 
guously that nucleophilic attack proceeds with inver- 
sion of configuration at C2 and retention of configu- 
ration at the carbon bearing the amino group24'25 
(Scheme 4.15). 
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Trans-l-phenyl-2-trimethylsilyl-3-phenylaziridine (198) 
led to polymeric products on reaction with hydrogen 
halides. It has been suggested that. the. förmation of 
polymers . 
in' similar reactions may be-due to attack of 
the unreacted aziridine on the protonated aziridine. 
18 
Further polymerisation may also arise from attack of 
the ring-opened. adduct otito. the protonated ring-opened- 
product (Scheme 4.16). 
ý 
Scheme 4.16 
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A similar behaviour was observed when trans-l-phenyl- 
2-trimethylsilyl-3-phenylaziridine was reacted with 
trifluoroacetic acid. A polymeric product was formed. 
In contrast, the cis-isomer led to the corresponding 
protonated aziridine (cf. Section 3.2.3.1). Such a 
difference in ring-opening behaviour between trans- 
and cis-aziridines has not been observed previously 
and is clearly a subject for further study. 
4.2.1.2 The behaviour of silyl-substituted aziridines 
towards trimethylsilyl halides 
C' -1-propyl-2-trimethylsilyl-3-phenylaziridine (196), 
cis-. (197) and trans-l-phenyl-2-trimethylsilyl-3-phenyl 
aziridines (198) reacted readily at room temperature 
with stoicheiometric amounts of trimethylsilyl iodide 
to give the corresponding trans-N-silylenamine, (211), 
(212) and (212) in 95,75 and. 980% yields respectively. 
Each reaction was monitored by 
1H 
n. m. r. and was found 
to be most rapid in the case of (198) (ca. 3 min) and 
slowest in the case of (197) (ca. /h). 
This reaction was also attempted-using (196) and 
catalytic amounts of trimethylsilyl iodide. This again 
led to trans-N-silylenamine (211) in equally high 
yields. These aziridines failed to react with 
trimethylsilyl chloride at room temperature . 
(17h) or 
at 50 °C (1h), 'The products decomposed on distillation 
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using a Kugelrohr apparatus or on separation by column 
chromatography. A summary of these reactions is given 
in Table 4.2. 
These'silyl-substituted aziridines react with 
trimethylsilyl iodide to give the ring-opened product, 
trans-N-silylenamines (211) and (212). The formation 
of this product is rationalised in Scheme 4.17. 
Scheme 4.17 
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Ph/- 
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TransN-silylenamine results from the initial attack 
of the nitrogen lone pair on the silicon atom of 
trimethylsilyl iodide to give the quaternary salt 
(209). Cleavage of the C3-N° band -leads.: to', the formation 
of the carbonium ion (210). Attack by the iodide ion on 
I 
1ý 
the SiMe3 group bonded to C2 gives the enamine (211) 
or (212). This is clearly a catalysed reaction. 
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It is also possible, in principle, for the iodide 
attack to precede the ring-opening step (Scheme 4.18). 
However,: the fact that both the cis- and trans- 
aziridines led to trans-N-silylenamine"suggests that 
the ring-opening step occurs prior to the iodide 
attack; that is unless isomerisation of the product 
to the more favoured trans-form occurs. 
Scheme 4.18 
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The preferred formation of the trans-enamine may be 
explained in terms of smaller steric interactions in 
the carbonium_ion intermediate (213) than in (214). It 
also suggests that the carbonium ion. rotates about the 
C2-C3 bond before elimination of SiMe3 in (210) 
(Scheme 4.17). Once more the subsequent isomerisation 
of the cis-enamine. (if it is formed) !. '; to -the trans- 
enamine cannot be ruled out. 
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Previously reported methods of preparing Y-silylated 
enamines 
261,27 
are outlined in Schemes 4.19 and 4.20. 
The* value of these reactions-lies in the importance of 
enamines in synthesis. 
28'29 For instance, enamines have 
Scheme 4.19 
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been used as versatile intermediates in the-syntheses 
of compounds such as P-diketones, ß -ketoesters, 
ß-ketonitriles and related compounds which are less 
readily obtained by conventional procedures. Examples 
of alkylation3O and acylation3° of enamines are 
illustrated in Schemes 4.21 and-4.22 respectively. 
Scheme 4.21 
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4.2.1.3 The behaviour of silyl-substituted aziridines 
towards pseudohalides, lithium aluminium 
hydride, sodium methoxide, diorganocopper 
lithium reagent and pyrrolidine 
sill Cis-l-propyl-2-trimethy 3-phenylaziridine (196) did not 
react with trimethylsilyl cyanide or trimethylsilyl 
azide in the presence of a Lewis acid under reflux, with 
sodium methoxide in methanol or with di-n-butyllithium 
cuprate in the presence of boron trifluoride etherate. 
Cis-l-phenyl-2-trimethylsilyl-3-phenylaziridine (197) did 
not react with the above-mentioned pseudohalides or with 
pyrrolidine in the presence of boron trifluoride ether- 
ate or alumina. In all these systems, the silyl-substi- 
tuted aziridines were recovered. 
The behaviour of non-silyl-substituted aziridines towards 
trimethylsilyl pseudohalides has not been studied in the 
past but in contrast to epoxides, which have been shown 
to undergo ring-opening reactions with these reagents, 
31-34 
silyl-substituted aziridines do not. Further, unlike 
simple aziridines, silyl-substituted aziridines are not 
attacked by methoxide ion, even under vigorous condi- 
tions. 
35 Whereas aziz-idines36 and epoxysilanes37 react 
with lithium cuprate reagents via ring-opening, silyl- 
substituted aziridines do not. Ring-opening reactions of 
silyl-substituted epoxides and aziridines have been shown 
to occur readily with secondary amines in the presence 
of alumina38 and boron trifluoride etherate39 respectively. 
Again silyl-substituted aziridines failed to react 
with these reagents. 
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4.2.2 Ring-opening reactions of guaternised silyl- 
substituted aziridinium": 'salts 
4.2.2.1 Ring-opening of cis-l-phenyl-2-trimethylsilvl- 
3-phenylaziridinium trifluoroacetate 
Cis-l-propyl-2-trimethylsilyl-3-phenylaziridinium tri- 
fluoroacetate (215) was heated in methanol, hexane: 
diethyl ether (11: 1) or dimethoxyethane under ref lux. 
In each case ring-opening of the protonated aziridine 
led to (1-trimethylsilyl-1-hydroxy-2-phenyl-2-N-propyl- 
2-N-trifluoroacetamido)ethane (218). -It is believed that 
nucleophilic attack by the trifluoroacetate ion on 
the protonated aziridine led to the intermediate, 
(1-trimethylsilyl-l-trifluoroacetate-2-phenyl-2-N-pro- 
pylamino)ethane (216); rotation of _the latter gave 
the conformation (217). On further intramolecular attack 
of nitrogen on the carbonyl carbon and rearrangement, 
the product, (1-trimethylsilyl-1-hydroxy-2-phenyl-2-N- 
propyl-2-N-trifluoroacetamido) ethane (218) was formed 
(Scheme 4.23). 
On the basis of previous work 
5940941 
it was postulated 
that the ring-opening of a protonated aziridine would 
lead to an intermediate adduct of type (216) or type (219), 
depending on the reaction pathway involved (Scheme 4.24). 
Pathway (i) would proceed via an SN1-type mechanism 
and give rise to ah'intermediate of type (219) which 
contains the moiety CHPhOCOCH3. Pathway (ii) would involve 
an SN2-type process and would lead to the intermediate- 
(216) which contains the moiety": CHPhNHPrn. 
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In each of these reactions, the intermediate (1-trimethyl- 
silyl-1-trifluoroacetate-2-phenyl-2-N-propylamino)ethane 
(216) was formed exclusively at the expense of (219) 
(Scheme 4.24). This: was demonstrated by a mass spectrome- 
tric study of these reactions (cf. Appendix I). The _ 
presence of the fragment ion PhCHNHPrn provides confir- 
oration for the structure of the product, which in turn 
shows that the attack of trifluoroacetate ion on the silyl- 
substituted aziridine occurs at carbon o&to silicon. 
Significantly the absence of a fragment ion PhCHOQOCF31+ 
indicates that (219) was not formed from the. SN1 intermediate 
and that the reaction proceeds via. an SN2-type mechanism. 
4.2.2.2 Cis-l-propel-2-trimethvlsilyl-3-phenvl-N- 
methylaziridinium trifluoromethanesulphonate- 
methanol systems 
Cis-l-propyl-2-trimethylsilyl-3-phenyl-N-methylaziri 
dinium trifluoromethanesulphonate (220) was solvolysed 
in the presence of trace sulphuric acid in methanol 
under ref lux to give a yellow liquid, (1-methoxy-l- 
phenyl-2-trimethylsilyl-2-N-methyl-2-N-propylamino)- 
ethane (221) in 51% yield (Reaction 4-1). 
No reaction was observed in the absence of sulphuric 
acid. However, since then a further study has been 
carried out on this system and new results suggest 
that the ring-opened product (. 221) is formed in the 
163. 
absence of acid. 
42 
H3C\. i-Pr 
H\C 
N C/H 
Ph/ \SiMe3 
(220) 
Reaction 4.1 
MpnH AH' Ph' \ I ... _- -... ... -'C-C 'H Under ref lux 
MeO 
\SiMe3 
(221) 
In the presence of stoicheiometric amount of freshly 
prepared methoxide ion in methanol, the title compound 
(220), under reflex, gave a yellow liquid, (1-methoxy- 
1-phenyl-2-N-methyl-2-N-propylamino) ethane 
yield (Reaction . 4.2). 
Reaction 4.2 
HýC\iý -Pr 
H\/ 
N\/H 
CC\Phý 
SiMe3 
(22o), 
( 222) in 53. 
H NMen-Pr 
MeO -/MeOH , Ph \ -C-C\ H 
Under ref lux MeÖ H 
c224 
A possible mechanism for the formation of (1-methoxy- 
i-phenyl-2-trimethylsilyl-2-N-methyl-2-N-propylamino)- 
ethane ( 221) is outlined in Scheme 4.25. 'The aziridi 
nium salt ( 220) is believed to undergo ring-cleavage 
to form the carbonium ion (223), which subsequently 
solvolyses'to the ring-opened product (221). 
H NMen-Pr 
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N Men-Pr 
I 
C_C,,,., H 
Ph'o' I "*SiMes 
OCH3 
(221) 
Hjq *-Pr 
\`/ "O SOZC F3 N 
H, I\H 
Ph4'C-C'*SiMe3 
(220) 
E -H+ 
NMen-Pr 
He, ,ýi,. ""` 
H 
Phý "* SiMe3 
ÖCH3 
H 
(223) 
Such a mechanism was proposed by Leonard and co-workers 
for the solvolysis of unsymmetrically carbon-substitu- 
ted aziridinium ions (224) (Scheme 4.26). 
43 
Scheme 4.26 
R4ýR . 
/N\ 
/R H2C-C'-R 
(224) 
Scheme 4.25 
S Ni- 
+ ROH 
SN2 (RO- 
ý R2NCH2CR2OR 
>. ROCI42CR2NRZ 
In this same study, 
43 Leonard and co-workers found 
that solvolysis of the aziridinium ion (224) in the 
presence of methoxide ion proceeded via a different 
mechanism, namely, an SN2-type process (Scheme 4.26). 
-165. 
The methanolysis of the aziridinium ion (220) in the 
presence of a stoicheiometric amount of methoxide ion 
resulted in the desilylated ring-opened product (222) 
(Scheme 4.27. ). The absence of a ring-opened product which 
had not' desilylated indicates that methoxide attack 
results in preferential desilylation rather than in the 
ring-opening of (220). Desilylation, therefore, leads 
to an unsymmetrically carbon-substituted aziridinium 
ion (225) (similar to the type studied by Leonard and 
co-workers). Subsequent ring-opening of the aziridinium 
iön (225) undergoes an SN1 reaction-to foam a--carbonium 
Scheme 4.27 
H, C n-Pr 
N 
H%ý ýH MeÖ C-- C 
Phý ýSiMel SN2 
(220) ý 
H'C4ý-Pr 
N 
HH 
->. PhýC-Cý H 
C225) 
SN1 
N Men-Pr N Men-Pr 
H%C_Cý, ýH MeOH 
HNpfC_C, 
"o'H 
Phol ! I* H -H+ Ph H 
OMe 
jrt4 C22fi) 
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ion intermediate (226) to give the product (222). 
This would be analogous to the mechanism proposed by 
Leonard for the solvolysis of an unsymmetrically 
carbon-substituted aziridinium ion (224) in the absence 
of methoxide ion. (Scheme 4.24). 
Another possible mechanism for the formation of (222) 
would involve initial formation of the enamine (227) 
due to nucleophilic attack of the methoxide ion on the 
trimethylsilyl group, hence leading to C-N cleavage 
(Scheme 4.28). However, it is unlikely that the enamine 
would undergo solvolysis readily to yield product 
(222); enamines are nucleophilic and are most unlikely 
to be attacked in that fashion. 
Scheme 4.28 
H3C n-Pr 
ýx. / 
H,,, 
_ 
Ný 
rH- McOSi Me3 
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@20) 0 Me 
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NMen-Pr 
H \H 
Ph''CCý 1H 
OMe 
} H, C= NMen-Pr 
Phý 
Gwll 
ÖMe 
H 
(222) 
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One aspect of the significance of the reactions 
discussed above lies in the analogy between (1-methoxy- 
1-phenyl-2-N-methyl-2-N-propylamino) ethane (222) and 
(1-methoxy-l-phenyl-2-trimethylsilyl-2-N-methyl-2-N- 
propylamino) ethane (221) with such compounds as 
those illustrated. in (228) and (229). Compounds (. 22$) 
and (229) are used pharmacologically, for example, in 
the treatment of asthma and other bronchial problems. 
44 
N Men-Pr N Men-P r 
H ,,, C- C, °'' H C- 
C,, 
',, H 
Ph-l' I '*SiMe3 Phý I ý* H 
OCH3 OCH3 
(221) (222) 
NHCH3 NH2 
* H, H %C+C, ` H1H HO CCPh 
I CHa / Iý 1 *' H 
OH ..,, ý OH hv 
(228) (229) 
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4.2.2.3 Cis-l-Dropyl-2-trimethvlsilvl-3-phenyl-N- 
methylaziridinium trifluoromethanesulphonate- 
other systems 
The behaviour of cis-l-propyl-2-trimethylsilyl-3- 
phenyl-N-methylaziridinium trifluoromethanesulphonate 
(220) was studied with a series of reagents: 
(1) hydrogen halides, 
(2) trimethylsilyl halides, 
(3) trimethylsilyl pseudohalides, 
(4) methylmagnesium iodide and 
(5) NaX (X = I, OH, CN, N3). 
The aziridinium salt (220) undergoes desilylation with 
hydrogen halides and all reactions appear to give 
polymeric-type products. Phenylacetaldehyde was often 
observed as a by-product. 
The trimethylsilyl halides (TMSX, X=I, Br, Cl) reacted 
with the aziridinium salt (220); the reactivity being in 
the order of I> Bra Cl. The products could not be 
purified by column chromatography or identified on the 
basis of 
1H 
n. m. r.. Again desilylation was observed. 
No reaction occurred with trimethylsilyl azide. 
Trimethylsilyl cyanide led to a product with a similar 
1H 
n. m. r. spectral pattern as that of the-mixtures 
involving the trimethylsilyl halides. Partial desily- 
lation had occurred and no further attempt was made to 
purify and characterise the products. 
169. 
MMethylmagnesium iodide reacted with the aziridinium 
salt (220) to give phenylacetaldehyde in 34% yield on 
work-up. Again desilylation had occurred. 
Both the sodium salts, NaN3 and"NaCN, led to desilyla- 
tion and the products could not be characterised. 
On reaction with sodium iodide, phenylacetaldehyde was 
again obtained as one of the products. 
Aqueous-sodium hydroxide (2M) reacted with the aziri- 
dinium salt (220) to give a complex mixture of products 
which could not be separated by column chromatography. 
4.2.3 Analysis of-the spectra of some of the new 
ring-opened products derived from the silyl- 
substituted aziridines 
The ring-opened products discussed in Sections 4.2.1 
and 4.2.2 were characterised on the basis of their 
elemental compositions, 
1H 
and 
13 C n. m. r., i. -r:. and 
mass spectra. 
The 1H n. m. r. 'data of the hydrohalogenated products 
(199) - (205) and of the ring-opened. products ( 218), 
(-221) and (222) obtained from the aziridinium salts 
are listed in Table 4.3. Table 4.4 compares some of 
13 
the C n. m. r. data of compounds (129) - (205), (218), 
(221) and (222). The . 
i. r. data are listed in Table 4.5. 
The 1H n. m. r. data of the N silylenamines, derived from 
the reactions of silyl-substituted aziridines with 
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trimethylsilyl iodide, are presented in Table 4.6. The 
mass spectra of these compounds are given in 
Appendix I. 
The protonated HBr-adduct (205) was treated with Eu(fod)3 
and analysed by 
1H 
n. m. r. spectroscopy. The reversible 
co-ordination of the amino group in (205) with the 
lanthanide shift reagent results in the resolution of the 
singlet (due to the. methine protons) at 4.50 into two 
separate doublets at 4.00 and 4.60 (J= 8.5Hz) respec- 
tively. The resonances due to the phenyl rings were also 
resolved into two singlets. 
The presence of NH, NH2+ or OH protons was confirmed 
by exchange of D20. 
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4.2.4 Ring-opening reactions of cis- and trans-l- 
phenylý2-trimethylsilylepoxides, -2-trimethyisilyl- 
1-oxaspiro[2,5]octane and 1,1-di phenyl-2-. 
trimethylsilylepoxide 
A mixture of cis- and trans-1-phenyl-2-trimethylsilyl- 
epoxides (230), 2-trimethylsilyl-l-oxaspiro(2,5]octane 
(231) and 1,1-diphenyl-2-trimethylsilyl epoxide (282) 
were utilised individually in reactions with the 
following reagents: 
(1) trimethylsilyl halides (TMSX, X= Cl, Br, I), 
(2). - tr. im. ethylsilyl pseudohalides 
(TMSY, Y= CN, N3). 
The results of these reactions are summarised in Table 
4.7. 
The products formed were identified by comparison with 
authentic samples when these were obtainable. The 
products obtained, which were not readily available 
or which had not been reported previously, were formu- 
lated on the 
basis 
of their 
1H 
n. m. r. spectra. 
In the TMS halide-systems, typically, stoicheiometric 
or catalytic amounts of trimethylsilyl. halide was 
syringed dropwise into a solution of the silyl epoxide 
in deuterated chloroform at room temperature under 
nitrogen. 
Thermixture -of-. cis- . and. trans-l-phenyl-. 2-trimethyl-` 
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silylepoxide, in the ratio of 22: 78% (230) gave the 
corresponding trans- ß -halostyrene 
yields (96-99%) (Reaction 4.3). 
Reaction 4.3 
H %C 
O 
C`H 
Phý ~SiMe3 
(230) 
+ Me3SiX 
(233)-(235) in high 
Ph\ 
C=C /H ---ý- 
HX 
X: Cl (231 
+ M 
Br (234) 
1 (235) 
S i)z0 
2-trimethylsilyl-l-oxaspiro[ 2,5]Octane (231) afforded- 
the corresponding 1,1-cyclohexyl-2-haloethene (238)- 
(240) in 70-78ö yield when stoicheiometric 
amounts of TMS halide were used (Reaction 4.4). The by- 
product in all_lcases were hexamethyldisiloxane. 
Reaction 4.4 
z0 V-H 
(231) 
-Cý, SiMe3 + Me3SiX 
ý 
+ 
(Me3S+)20 
X= Cl (238) 
= Br (239) 
=I (240) 
1,1-Diphenyl-2-trimethylsilylepoxide (. 232) reacted with 
catalytic or stoicheiömetric amounts of TMS halide to 
give 1,1-diphenyl-2-trimethylsilyl enol ether (243) in 
100% yield (Reaction 4.5). TMS halide was recovered. 
180. 
Ph\ /0 \ /H C-C 
Phý \SiMe3 
(232) 
+ 
Reaction 4.5 
Me3SiX 
Ph\ 
C= C/H + Me SiX 
Ph/ \OSiMe3 3 
(243) 
The TMS pseudohalide systems involve the addition of a 
solution of the silylepoxide in dichloromethane to a 
solution of trimethylsilyl pseudohalide in dichloro- 
methane in the presence of a Lewis acid (zinc chloride, 
aluminium 'chloride) under nitrogen. The reaction mix- 
ture was heated under ref lux (1-54h). 
The epoxide. (230).. afforded the adduct (1-trimethyl- 
siloxy-2-cyan-2-trimethylsilyl)phenylethane (236) in 
41% yield with TMS cyanide (Reaction 4.6). 
Reaction 4.6 
H-, C 
0C 
/H 
Ph/ \ SiMe3 
(230) 
Me3SiCN --ý Ph-C-C 
SiMe3 
Me3SiÖ CN 
(236) 
With TMS azide, the epoxide (230) gave a mixture of 
products; cis- and trans-azidostyrene (237) were observed 
amongst others from the 
1H 
n. m. r... spectrum (Reaction 4.7). 
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Reaction 4.7 
H-, /0\H 
C-Cý 
Ph/ \SiMe3 
(230) 
i Me3Si N3 
(237) 
+ (Me3Si)Zp 
2-trimethylsilyl-l-oxaspiro[2,5]octane (231) reacted 
with TMS cyanide to give 1,1-cyclohexyl-2-cyanoethene 
(241) (Reaction 4.8). On the basis of the 
1H 
n. m. r. 
spectrum the yield was calculated as 50%. When TMS azide 
was used, the epoxide (. 231) gave the corresponding 
azidoethene (. 242) in 46% yield. Again the by-product 
was hexamethyldisiloxane. 
Reaction 4.. 8 
cý-CýH 
\ KDsiMe3 
(231) 
ý 
+ Me3SiY --_ý 
Y=CN (241) 
= N3 (242) 
1,1-Diphenyl-2-trimethylsilylepoxide (. 232) led to 
the silyl enol ether (243) 'in quantitative yields 
with catalytic or stoicheiometric amounts of TIM pseudo- 
halides (Reaction 4.9 ). 
H\ 
C_ iN -ý Ph' 
CH 
HýCý C/H 
Ph ýN, 
CC = CýH . 
(Me3Si)20 
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Reaction 4.9 
O Ph OSiMe 
PP h/C 
CýH 
+ Me3SiY _. _. ý 
ýC = Cý 
3+ Me3SiY 
,, 
SiMe3 Ph ,, H (24 
Me3SiX 
- 
SN2, 
The directing influence of the trimethylsilyl group 
is manifested in these reactions by nucleophilic 
attack at carbon d to silicon followed by cleavage of 
the C-O bond (Table 4.7, Systems I-IV). This is 
analogous to the behaviour of non-silylepoxides towards 
TMS halides45,46 and pseudohalides. 
31-34 
The 
mechanism is believed to be of SN2=type and the 
formation of the product alkene (. 24.5) is accompanied 
by hexamethyldisiloxane in these systems (Scheme 4.29). 
Scheme 4.29 
\/ 0 ý/ " /C '\SiMe3 
(230) 
f 
"CC\ 
(245) 
(24 3) Y=CN 
N3 
OSIMe3 
H 
CCý 
/1 SiMe3 
X 
(244) 
X 
. 
(Me3Si)20 
Hudrlik and co-workers 
13 have established the-high 
regioselectivity of the hydrohalogenation ring- 
opening reactions'of the silyl-epoxides. The overall 
stereochemistry is believed to involve anti-opening of 
the cis. - or trans-epoxide followed by anti-_F:. elimination 
process to. give the alkenes (. 246) and ( 247) respec- _ 
tively (Scheme -4.30). 
183. 
L 
V 
n 
C) 
_ý 
oý 
O 
OD 
ý NýVým 
NN 
W 
ý 2m 
V 
II C) 
/ 
_ý 
to, 
Ln a 4j 
01 
c0' 
. r, ai' 
2 
Cl) 
_ýý. ±, 
m 
ý 
v 
`... 
iý i 
o-ý. ý oýv" _: _: ý __ 
.i 
ý OD 
_ 
md 
ýf 
= to N 
\V \ýj 
. ý*' f .. 10 _ 
cm 
Ný 
W V- 
ý. 
ý ý 
aY'' 
N 
2º ýCj 
-X o^ý 
. CS-4 I 
CL 
2 
f= 
.. - tA1r. V-X 
i N-v, Wä 
d= 
ý 
ý 
N 
`ý 
184. 
However, in the reaction of the mixture of the cis- and 
trans-l-phenyl-2-trimethylsilylepoxides (230) with T71S 
halides, only the trans-ß-halostyrene was obtained in 
each case. Further, the formation of both the threo 
(248) and erythro (249) intermediates was observed when 
the reaction was monitored by 
1H 
n. m. r. 
The preferred formation of trans-ß-halostyrene suggests 
that either one intermediate is converted to the other 
or that the cis-styrene isomerises under prevailing 
be 
conditions. Further, it might argued that elimination 
is either syn- or anti-. Nonetheless, there is also the 
possibility of the intermediate (244) to form a carbonium 
ion (250) which on subsequent rotation leads to trans-ß- 
halostyrene (245) (Scheme 4.31). 
Scheme 4.31 
R SiM% 
H"ýC-C,, H 
I` OSiMe3 
(244. 
R\C 
_ C, 
H 
H (245) 
- 
-SlMe3 
ý 
SiMe3 
./ 
H a, C- C ,,,,, H 
R41 '% x 
(250) 
SiMe3 
. CH 
Hx 
All-the same, such stereochemical control coupled with 
quantitative yields of alkene is synthetically promising 
mart 
and may provide aAuseful route to 
trans_4-halostyrene than 
47-49 
presently available methods. 
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In only one example from these reactions was a stable 
adduct obtained, the cyano adduct (236). Interestingly, 
the stable adduct (251) has been obtained in cases of 
non-silylated substituted epoxides. 
31 
Me3SiO SiMe3 
C-C' H 
Ph CN 
(236) 
M1Re3SiO ""C- C'-' CN 
ýý 
(251) 
Unlike the reactions of system I, epoxide (230) reacted 
with TD4S azide to give both the cis- and trans-azido- 
alkene . 
(237). This indicates that the elimination is 
sufficiently fast such that rotation is not possible. 
The higher rate of disappearance of cis-l-phenyl-2- 
trimethylsilylepoxide illustrates the relative degree 
of reactivity of each isomeric epoxide. This can be 
accounted for by the greater steric strain in the c- 
isomer, hence the latter will be more liable to ring- 
opening. The higher reactivity observed in system III 
than in system IV reflects the nucleophilicity of the 
ion whereby I- > Br > Cl > CN->. N3 . 
So 
The formation of 1,1-diphenyl-2-trimethylsilylenol:: ' - 
ether (243) in system V proceeds via the catalytic 
rearrangement of the TMS group with an SN1-type mechanism. 
Cleavage of the C1-0 bond. leads to the formation of a 
cationic centre at C1. The stability of-.. an intermediate 
186. 
positive charge is further enhanced by the presence of 
the phenyl groups on C1. Nucleophilic attack at silicon 
results in excellent yields-of 1,1-diphenylsilyl enol 
ether (243) (Scheme 4.32). Such a reaction is evidently 
an SN1-type process. 
Scheme 4.32 
Ph,, 
ý 
/0 \ 
/H 
Ph /CI- 
CýSiMe Me3Si X 
3 
1 
(ý Si Me3 
Ph,, /ý\ /H 
PV 
C-C\SiMe3 
4SNI 
OSiMe3 
+I 
I ýý Phi 
C-Cý H 
Ph SIMe3 
a 
t: 
X 
Phi /OSiMe3 
Ph/C 
C"H 
(243) 
Cleavage of the type mentioned above has been reported 
in ring-opening reactions of oxiranes. 
7 This has also 
been proposed by Fleming and co-workers in their study 
of the rearrangement of silylepoxides in the presence 
of boron trifluoride etherate (Scheme 433). 
17 
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ýoH 
jC 
_ C\SiMe2Ph 
Scheme 4.33 
\Ö 
BF3 
ý', /H 
+ BF3-OEt2 _} /C-C" SiMe2Ph 
1.. 
C=C/H 
OSiMe2Ph 
Brook 
Rearrangement 
,H O-BF 
/C ýS Me2Ph 
They suggested that cleavage of C1-O is enhanced When 
is dialkyl-substituted and that the absence of good 
nucleophiles for. carbon discourages attack at C2. 
However, such a phenomenon is not apparent in systems 
I-IV. In cases of 1-phenyl-2-trimethylsilylepoxide 
and 2-trimethylsilyl-l-oxaspiro[2,5]octane , nucleo- 
philic attack occurred at carbon a to silicon even in 
the presence of poor nucleophiles. In system V, nucleo- 
philic attack failed to occur at carbon o< to silicon 
in the presence of good nucleophiles such as I-. The 
only explanation for the favoured cleavage of the C1-O 
bond arises from the presence of the two phenyl groups 
on C1" The fact that they can better acco 
ä 
date a 
positive charge by conjugation in the transition state 
overcomes the directing effect of the trimethylsilyl 
group. Further the SiMe3 group stabilises a P- 
carbänium ion. The formation of a P-cationic centre 
is, 'however, less favoured in systems I-IV. 
188.. 
Rearrangement of OC, ß -epoxysilanes to silylenol ethers in 
respectable amounts has been observed and it mainly 
involves the intermediacy of ß-dihydroxysilanes51 or 
ß-ketosilanes. 52.53 
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4.3 Conclusion 
From the reaction systems studied it is evident that 
the silyl-substituted aziridines are less reactive 
than the corresponding O(, P -epoxysilanes. Such a 
difference is not unexpected in view of the greater 
electronegativity of the oxygen atom. 
The behaviour of the silyl-substituted aziridines 
towards hydrogen halides appear to be analogous to 
that of o<, p -epoxysilanes on the basis of the directing 
effect of silicon on nucleophilic attack. 
However, the difference in behaviour towards trimethyl- 
silyl iodide (Scheme 4.34) clearly indicates that the 
NRSiMe3, is more electron -withdrawing than the 
OSiMe31+; hence it leads to an SN1-type process in the 
case of silyl-substituted aziridines. Such a process 
seems to occur in cases of silylepoxides where substi- 
tuents on C1 favour the formation of a f-cationic 
centre in the transition state. 
The-extra stability of the silyl-substituted aziridines 
may be of synthetic or biological importance where the 
aziridine ring needs to be kept intact. 
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Scheme 4.34 
HiC^C\ I 
ýSiMe3 
"gN2_ý, " Ph H 
H. ý 
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5. Experimental 
5.1 Instruments and materials used 
N. m. r. spectra were recorded. as solutions in deuterated 
chloroform with tetramethylsilane as internal standard 
on a Perkin Elmer R12B and a Jeol FX 90Q spectrometer. 
Infrared spectra were obtained neat or as nujol mulls 
or as KBr discs using a Pye Unicam SP 1050 spectrometer. 
Mass spectra were run by courtesy of Hoechst Pharmaceu- 
ticals Ltd. -on a Cresta MS'30 spectrometer. 
Gas chromatograms were obtained bp-: a Prye4Unicam Series' 
204 Chromatograph with a column of 10% SE3O Silicone and 
and 5% Apiezon L (ratio 7: 1) on diatomite CAW 100-120 
mesh. Column length 2.1m, internal diameter 4 mm, 
carrier gas (N2), flow rate 25 ml/minute, splitter 10 @ 18 
psi, injector temperature 300 
°b, detector temperature 
350 0C, column temperature 225"OC, detector FID and chart 
speed 5 mm/minute.. 
Elemental analyses were carried out on a Perkin Elmer 
240C Analyser or by Butterworth Laboratories. 
Melting points were determined on a Buchi 510 melting 
point apparatus. 
I 
Weighings were done on a Sartorius 2000 MP digital 
balance. 
19 6. 
Solutions were concentrated on a Buchi rotary evapo- 
rator or using a vacuum pump. 
Irradiation was carried out using a medium pressure 
arc carousel (rayonet) at 254 nm. 
Conductivity measurements were carried out on a pre- 
calibrated Digital Conductivity meter PTI-58. 
The specific rotations were determined by using a 
Lippich-type (half-shadow) polarimeter. 
Thin-layer chromatography (tlc) was performed on 
silica gel UV254 (0.25 mm) plates. Column chromato- 
graphy was carried-out using Merck Silica Kieselgel 60. 
Compounds were visualised by u. v. light except where 
otherwise stated. Solvents for chromatography were 
distilled before use or were obtained as glass- 
distilled fractions from Rathburn. Chemicals. 
All reactions were carried out under nitrogen unless 
otherwise stated. 
,ý 
Materials used I 
Tetrahydrofuran and diethylether were commercial` ' 
reagents obtained from B. D. H. Chemicals and were dried 
by distillation from calcium hydride under nitrogen 
prior to. use. 
Hexamethylphosphoramide (Aldrich Chemical Co. Ltd. ) was 
197. 
distilled under reduced pressure from phosphorus pen- 
toxide (b. p. 76-78 °C/l mm Hg). 
Methanol (B. D. H. Chemicals Ltd. ) was dried by distilla- 
tion from activated magnesium turnings prior to use. 
Dichloromethahe (Gold label, Aldrich Chemical Co. Ltd. ) 
was stored under molecular sieve 4A and under nitrogen. 
Carbon tetrachloride and acetonitrile (Analar, B. D. H. 
Chemical Ltd. ) were stored over molecular sieve 4A and 
under nitrogen. 
2-methoxyethyl ether (Aldrich Chemical Co. Ltd. ) was 
used without further purification. 
Hexane, used for chromatography, was distilled before 
use or was obtained_as glass-distilled fractions from 
Rathburn Chemicals. 
Solutions of n-butyllithiumAand sec-butyllithium (14M) 
(Aldrich Chemical Co. Ltd. ) were stored under nitrogen 
at room temperature and were regularly standardised 
by the method of Gilman and co-workers. 
1 
N, N, N', N'-Tetramethyl, Fdediamine (Aldrich Chemical Co. 
Ltd. ) was st6red under nitrogen and over molecular -- 
sieve 4A. 
Copper(I) iodide (B. D. H. Chemical Co. Ltd. ) was conti= 
nuously extracted with tetrahydrofuran in a Soxhlet 
198. 
extractör (24h) and dried at room temperature under 
vacuum. 
0(-Chloromethyltrimethylsilane (Aldrich Chemical Co. 
Ltd. ) was stored under nitrogen at room temperature. 
The trimethylsilyl halides and pseudohalides (Aldrich 
Chemical Co. Ltd. ) were stored under nitrogen. 
Lithium aluminiumhydride, aluminium chloride, zinc 
chloride, boron trifluoride etherate, diethylaluminium 
chloride (Aldrich Chemical Co. Ltd. ) were stored under 
nitrogen in a desidcatör. 
Trifluoroacetic acid (B. D. H. Chemicals Ltd. ), methyl 
trifluoromethanesulphonate (Aldrich Chemical Co. Ltd. ) 
and trifluoromethanesulphonic acid-(Aldrich Chemical 
Co. Ltd. ) were stored under nitrogen. 
In reactions involving aqueous hydrogen halides the 
following reagents were used: hydrogen chloride 
(36% w/v) , hydrogen bromide 
(46% w/v), hydrogen iodide 
(57% w/v). 
Pyrrolidine (Aldrich Chemical Co. Ltd. ) was distilled 
under nitrogen prior to use. 
Sodium iodide, sodium cyanide and sodium azide, 199; f98 
and 99.9% respectively, and sodium-trimethylsilanoate 
-(Aldrich Chemical Co. Ltd. ) were stored under nitrogen 
in a desiccator. 
199. 
5.2 Preparation of starting materials 
Benzvltrimethvlsilane was prepared by the method of 
Hauser2 and was obtained as a liquid ("b. p. 22-23 
°C/ 
0.02 mmHg; Lit. b. p. 95 °C/ 35 mmHg). 
Bis(trimethylsilyl)phenylmethane was prepared by the 
method of Dunogues"and co-workers 
3 to give a liquid 
(b. p. 60-62 °C/0.25 mmHg; Lit4 b. p. 76 
°C/20 mmHg). 
Phenyl azide was prepared by":: the method of Lindsay and 
Allen5 to give a yellow oil (b. p. 23-25 °C/0.60 mmHg; 
Lit. b. p. 41-43 °C/5. O mmHg). 
oC=Bromobenzyltrimethylsilane was prepared by the 
method of Hauser and Hance6 to give a viscous yellow 
liquid (b. p. 52-54 °C/0.14 mmHg; Lit. b. p. 98 °C/ 
4 mmHg). 
Tricarbonyl(benzyltrimethylsilyl)chromium(O) was 
prepared by the method of Eaborn and co-workers? to 
give a green-yellow solid (m. p. 143.5-144.5 
°C; Lit. 
m. p. 143.144 
°C). 
Sodium methoxide was prepared by the method of Vogel8 
prior to use. " 
The o(, A-epoxysilanes were prepared by the method of 
Magnus and co-workers9 Thus, 
cis- and trans-l-phenyl-2-trimethylsilyl epoxide were 
obtained as a liquid (b. p. 37-38 
°C/0.16 mmHg; 
6H (CDC1 3) : 
(cis-) -0.18 (s, 9H), 2.48 (d, 1H, Jcis5.3Hz), 
4.21 (d, 1H, Jcis5.3Hz), 7.27 (s, 5H); (trans. ) 0.11 
(s, 9H), 2.30 (d, 1H, J 
-tran 
3.3Hz 
ns3.3Hz), 
3.65 (d, 1H, Jtrans 
200. 
3.3Hz), 7.27 (s, 5H); 
1,1-cyclohexyl-2-trimethylsilyl epoxide was obtained 
as a liquid (b. p.. 50-52 
°C/0.8 mmHg; 6H(CDC13) 0.08 
(s, 9H), 1.48 (s, 10H(broad)), 1.96 (s, 1H); 
1,1-diphenyl-2-trimethylsilyl epoxide was obtained as 
a liquid (b. p. 32-34 
°C/0.3 mmHg; 6H(CDC13) -0.18 
(s, 9H), 1.74 (s, 1H), 7.12-7.82 (m, ca. 1OH). 
The azomethines were prepared by the method of Schiff 
10 
Tiollais11 or Reddelien. 
12 These are listed along with 
their relevant data in Tables 5.1 and 5.2. 
1,3,5-Tripropylhexahydro-"l, 3,5-triazine was prepared 
by the method of Tiollais 
11 
and obtained as a viscous 
oil (Found: C, 55.7; if, 11.6; - N, 32.4; . 
Ci2H27N3 
requires C, 55.8; -H, "11: 7; N, 32.5%); ( *fmax(neat) 2960, 
2933,2873,2802,1464,1377,1303,1274,1203,1143, 
1118,1010,931,880,751 cm-1); ( 6H(CDC13) 0.90 (t, 9H 
(CH3)9 1.20-1.70 (m, 6H (CH2/Pr)), 2.40 (ill-defined t, 
tca2N/Pr)) , 3.30 (s, 6H (ring CH2) ;( gC (CDC13) 11.55 
(CH3/Pr), "20.45 (CH2/Pr), 54.40 (NCH2/Pr), 74.40 
(ring CH2). 
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5.3 
. 
Reactions 
5.3.1 The Peterson olefination reactions involving 
benzylsilanes and azomethines 
11 
These reactions were carried out according to the 
general procedure described below. 
t: 'tw'tL*-d 
L 
Benzylsilane (2.00g, 12.20 mmol) was lithiated using 
a solution of n-butyllithium in hexane (9.1 ml, 1.6M, 14.60 
mmol) and TMEDA (1.69g, 14.60 mmol) under nitrogen. 
The resulting ox-blood coloured solution was stirred 
at room temperature (h) and a solution of the 
WL &Zel-&L Eiksw bo Mi, i 
azomethine (13.60 mmolYýwas added slowly. On mixing 
a warm, orange solution was formed. This was stirred 
under nitrogen (lh) and then hydrolysed with a satu- 
rated solution of ammonium chloride (30 ml). The 
aqueous layer was separated from the mixture and 
washed with diethyl ether (3 x 30 ml). The''combined 
washings and ether layer was_dr-ied'over anhydrous 
magnesium sulphate and concentrated to dryness to give 
an orange yellow solid. 
Eº, ý+ý. d^. ýyC -_ (i) Senv l§il ane - N-benz"v id n an; l; n (70) 
When N-benzylideneaniline was used a mixture of trans- 
and cis-stilbene was obtained (99.2: 0.8% w/w) 
identified by G. C. ). Recrystallisation (from ethanol 
yielded trans-stilbene (1.288,52.7%) (m. p. 122-124 °C; 
Found: C, 93.3, H, 6.6; C14H12 requires C. 93.3, 
H, 6.7% .Y (KBr) 3010,1590-1450,755,680 cm- ; max 
6H(CDC13) 7.15 (s, 2H), 7.25-7.65 (m, 10H); SC(CDC13) 
20 6. 
H, 6.7ö). M (KBr) 3010,1590-1450,755,680 cm-1; Max 
bH(CDC13) 7.15 (s, 2H), 7.25-7.65)(m, 1OH); ö C(CDC13) 
126.50,127.59,128.68,137.30. 
(ii) Benzylsilane -_N-benzylidene-n-butvlamine(71) 
When N-benzylidene-n-butylamine was used the reaction 
afforded crude tran s-stilbene (identified by G. C. ). 
Recrystallisation from ethanol gave pure trans-stilbene 
(1.16g, 57.27). 
&, &ý L 
(iii) Benzylsilane - N-benzylideneisopropylamine 
(73) 
_. 4 
N-benzylideneisopropylamine reacted to give trans- 
and cis-stilbene [94.5: 4.5 w/w) determined by G. C. ). 
Recrystallisation'from ethanol gave trans-stilbene 
(1.40g, 68.3%). 
(iv) Benzilane N-benzylidene-n-propylamine (72) 
N-benzylidene-n-propylamine reacted to give crude 
trans-stilbene which was recrystallised from. ethanol 
(1.02g, 41.7%). 
(v) Benzylsilane - hexylidene-n-butylamine 
(75) 
When hexylidene-n-butylamine was used the reaction 
mixture was examined by G. C. This showed the presence 
of trap -1-phenyl-hept-l-ene (64.9%) , sal. 1-phenyl- 
t L' l 
hept-l-ene (2.2%) and benzy ýsilane (33.0%). Purifi=. - 
cation of the mixture on silica column using petroleum 
ether as eluent gave trans- and cis-1-phenyl-hept-l- 
ene (0.75g, 35%; 96.7: 3.3 w/w) . Ym (neat) 3024,2960- 
207. 
2860,1680,1600,1492,1454,840,700 cm-1; GH(CDC13) 
0.7-2.5 (m, 11H), 5.9-6.6 (2H, vinyl), 7.0-7.8 (m, 5H, Ph). 
The product was confirmed by comparison of its n. m. r. 
spectrum with that of an authentic sample. 13 
(vi) Benzylsilane - hexylidene-t-butylamine (76) 
Although a 
1H 
n. m. r. examination of the mixture showed 
resonances downfield. at ca. 5.0-6.0 ppm, the starting azome- 
thine, hexylidene-t-butylamine, was recovered after 
quenching the mixture with saturated ammonium chloride 
in quantitative yield. 
tL 
(vii) Benzylsilane - hexylidene-t-butylamine and 
methyl iodide 
The reaction was carried out as in the previous cases. 
After addition of the azomethine methyl iodide 
(2.88g, 20.30 mmol) was added. The mixture was stirred 
(4h) and on work-tip the starting azomethine was reco- 
vered quantitatively. 
(viii) Be nzylA ilane - N- (methylbenzyl idene) aniline (74) 
No reaction occurred in this syätem as evidenced by a 
spectroscopic study of the mixture (i. r. and n. m. r. ) 
and quantitative recovery of N-: (m6thylbenzylidene)_ 
aniline. 
(ix) Benzyl4ilane - N-1-butylidene-n-butylamine (77) 
n 
The reaction involving N-1-butylidene-n-butylamine 
gave a mixture which contained a mixture of trans- and 
cis-l-phenyl-l-butene in the ratio of (98.121.9% w/w) 
208. 
(determined by G. C. and 
1H 
n. m. r. comparison with an 
1 
authentic sample4). Separation of the mixture on 
silica column using hexane as eluent afforded trans- 
1-phenyl-l-butene (0.93g, 52.2%) Vmax (neat) 3082-2873, 
1600,1494,1451,1416,1379,1208,1157,964,904 cm-1 
6H(CDC13) 0.80-2.70 (m, 7H), 6.30-6.85 (m, 2H) vinyl), 
7.00-7.40 (m, 5H, Ph). 
neopentylideneaniline (78a) (x) Benzylsilane - 
The reaction involving ' neopentylideneaniline gave an 
orange-yellow mixture which was shown by G. C. to 
contain trans-4-t-butylstyrene. Separation of the 
mixture on silica column using hexane as eluent gave: 
trans-ß-t-butylstyrene15(0.378,19%)(found: C, 90.2, H, 
H, 9.9; C12H16 requires: C, 90.0, H, 10.0 ö) rmax (neat) 
3027,. 2708,2865,1650,1600,1500,1480,1472,1456, 
1265,982,768,742,692 cm-1; 6H(CDC13) 1.20 (s, 9H), 
6.35 (s, 2H, vinyl), 7.10-7.50 (m, 5H, Ph) and 
2,2-dimethyl-3-(N-phenylamino)-4-phenyl-4-trimethyl- 
silylbutane (1.24g, 33%)(Found: C, 77.8, H, 9.7, N, 
ý 
N, 4.3; C21H31NSi requires C, 77.5, H, 9.6, N, 4.3%) 
y-max(neat) 3430,3080-3020,2960-2870,1600,1510, 
1495,1250,900-710 cm-1; ýH(CDC13) -0.10 (s, 9H, SiMe3) 
1.00 (s, 9H, But), 2.70 (s1H), 3.80 (m, 2Hý, 6.60-7.50 
(m, 1OH, Ph); 6C(CDC13) -1.89 (SiMe3), 27.75 (But), 
38.55 (-2ý'CPh), 39.58 (-C(CH3)3), 58.77 ( -NC, % ), 112.37 
(C2 & C6 /Ph), 115.87 (C2 & C6 /NPh), 125.11 (C4 /Ph), 
128.22 (C4 /NPh), 129.31 (C3 & C5 /Ph), 130.75 
209. 
(C3 & C5 /NPh) , 141,; 38 (C6 
/Ph) , 148.56 (C6 /NPh) ; 
(Found: M+, 325.23; C21H31NSi requires M, 325.56. 
M/z 325.23 (0.12%), 268.15 (50%, Ph(SiMe3)CHCHNHPh), 
252.12 (0.53%, PhCHCH(But)NHPh), 162.13 (14%, PhCHSiMe3) 
73.04 (100%, SiMe3) , 57.07 (27o, C(CH3 )3" 
tr+ 
(xi) Benzylsilane - neopentylideneaniline at 70 
°C(78b) 
The reaction was carried out as in the previous cases. 
After addition of the neopentylideneaniline the 
reaction mixture was heated under reflux (1h). After 
cooling the reaction was worked-up as in the previous 
cases. G. C. analysis showed the mixture to contain 
ß-t-butyl styrene (100% trans-) as major product. 
Separation of the reaction mixture on silica column 
using hexane as eluent gave trans-ß-t-butylstyrene 
(0.94g, 48%) and 2,2-dimethyl-3- (N-phenyl amino) -4- 
phenyl-4-trimethylsilylbutane (1.20g, 32%). 
5.3.2 The reaction-. of 2,2-dimethyl-3-(N_phenylamino)- 
4-phenyl-4-trimethylsilylbutane with n-butyl- 
lithium-'or with trifluoroboron etherate 
(i) With n-butyllithium 
A solution of n-butyllithium in hexane (0.6 ml, 1.6m, 
1.00 mmol) was syringed dropwise into a stirred solu- 
tion of 2,2-dimethyl-3-(N-phenylamino)-4-phenyl-4- 
trimethylsilylbutane (O. 20g, 0.62-mmol) in diethyl 
ether (1 ml) at room temperature under nitrogen. After 
210. 
10 min the reaction mixture was heated under reflux 
(lh). The brown solution was allowed to cool down to 
room temperature and was quenched with aqueous ammonium 
chloride (2 ml). The ethereal extracts (3 x5 ml) were 
dried over magnesium sulphate and concentrated to 
dryness to give trans-p-t-butylstyrene (41.4%) and 
benzylsilane (7.87c) (determined by 1H n. m. r. ). 
(ii) With trifluoroboron etherate 
A solution of trifluoroboron etherate (0.30g, 1.81 mmol)) 
in dichloromethane was added dropwise to a stirred 
solution of 2,2-dimethyl-3-(N-phenylamino)-4-phenyl-4- 
trimethylsilylbutane (O. 30g, 0.90 mmol) in dichloro" 
methane (1.: nl) at room temperature under nitrogen. 
The yellow solution was heated under reflux (1h). The 
resultant green solution was cooled down to 
room temperature and quenched with aqueous sodium 
hydrogen carbonate (2 ml). The dichloromethane extracts 
(3 x5 ml) were shaken with aqueous sodium chloride 
solution and dried over magnesium sulphate. The 
solution was concentrated to dryness to give trans- 
ß-t-butylstyrene (52.8%) and benzylsilane-(12. U7o) 
(determined by 1H n. m. r. ). The starting material 
2,2-dimethyl-3-(N-phenylamino)-4-phenyl-4-trimethyl=. 
silylbutane was recovered (20%). 
211. 
5.3.3 Investigation of the possible isomerisation 
of cis-stilbene during the reaction of 
azomethines with benzylsilane 
Benzylsilane (1.00g, 6.10 mmol) was lithiated using a 
in hexane 
solution of n-butyllithium X(4.0 ml, 1.6M, 6.40 mmol) and 
TMEDA (0.71g, 6.10 mmol) in the presence of cci- 
stilbene (O. lOg) in diethyl ether (2, r)ml). After 15 min 
LI., cI eth. #L eäkL, - C2. wl. ) 
a solution of N-benzylidene-n-butylamine, was added 
dropwise and the reaction mixture was allowed to stir 
at room temperature under nitrogen (1h). After work-up 
(procedure used in reaction 5.3.1) the solution was 
concentrated . The orange -yellow 
liquid remaining was 
dissolved in dichloromethane (40 ml) containing 
phenanthrene (0.1421g) as internal standard. The amount 
of cis-stilbene was determined by G. C. using five 
separate injections (1 4l). The results are presented 
in Table 5.3. 
5.3.4 The Peterson olefination reactions involving 
phenyl (t-butyldiphenylsilyl)trimethylsilyl)methane 
and azomethines 
These reactions were carried out according to the procedure 
described below. 
A solution of sodium methoxide (0.138,2.41 mmol) in 
HMPA was added dropwise to a stirred solution of phenyl- 
(t-butyldiphenyltilyl)trimethylsilyl) methane (0.50g, 
212. 
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1.20 mmol) in HMPA (15 ml) under nitrogen. After 10 mins, 
a solution of the azomethine (1.28 mmbl) in HMPA (5 m1 
was added dropwise to the ox-blood coloured solution. 
After I h, the reaction mixture was quenched with 
hydrochloric acid (2M, 25-ml).. The aqueous layer was 
separated from the organic layer and extracted with 
dichloromethane (3x30 ml). The combined extracts and 
organic layer-were washed with distilled water (2x40 ml) 
and dried over anhydrous magnesium sulphate. Removal of 
dichloromethane from the yellow-orange solution gave a 
brown liquid. which could not be characterised. -- 
( i ) Phenyl(t-butyl. diphenylsilyltrimethylsilyl)- 
methane-N-(methylbenzylidene) aniline 
When N-(methylbenzylidene)aniline '(0.25g) was used, it 
gave a brown liquid (1.008) Vm (neat) 3100-2800,1685, 
1600,1550,1430,1310,1250,1180,1110,1000,840, 
700 cm-1; 6H(CDCI3) 0.96 (t), 7.16-7.94 (m, Ph). 
(ii) Pheny L(t-butyl diphenylsilyl)(trimethylsilyl)- 
methane-N-benzylidene-n-butylamine 
When N-benzylidene-n-butylamine _. 
(O. 21g)l: was used, 
gave-., a brown liquid (0.90g) maX(neat) 
3100-2700,1680, 
1600,1510-1425,1254,1200,1000,840,760,700 cm-1; 
6H(CDCl3) 0.02 (s), 0.50-1.60 (m, broad), 7.00-7.90 (m). 
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5.3.5 The Peterson olefination reaction involving 
bis(trimethylsilyl)phenylmethane and N-benzyli- 
dene-n-butylamine in the presence of sodium meth,: 
oxide/HMPA 
A solution of sodium methoxide (0.15g, 2.74 mmol) in 
HMPA(25 ml) was added dropwise to a stirred solution 
of bis(trimethylsilyl)phenylmethane (0.32g, 1.36 mmol) 
in HMPA (5 ml) under nitrogen. After 10 rains, a solution 
of N-benzylidene-n-butylamine (0.20g, 1.24 mmol) in 
HMPA(5 ml) was added dropwise to the cherry-red coloured 
solution at room temperature. The solution was 
heated at 70 °C. After lh', the reddish coloured solution 
was quenched with hydrochloric acid (2M, 25 ml). The 
aqueous layer was separated from the organic layer and 
extracted with didhloromethane (3x30 ml). The combined 
extracts and organic layer were washed with distilled 
water (2x40 ml) and dried over anhydrous magnesium 
sulphate.. Removal of dichloromethane from the yellow- 
orange solution led to-,, a-mixture of brown liquid (0.40g) 
and light-brown crystals: iwhich were recrystallised from 
diethyl ether (O. 1Og) (m. p 74-76 
0C) 
m (nujolmull) 3060-2926,1599,1248,1207,1104,1071, 
1033,915, '838,781,752,704 cm -1 ; 6'H(CDC13) 0.03 (s, 
18H, SiMe3), '. 2.85 (s, 2H, CH), 7.32 (s, 10H, Ph). 
The brown liquid, ÖH(CDC13) 0.02 (s), 0.50-1.60 (m), 
7.00-7.90 (m), was not further purified. 
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5.3.6 The Peterson olefination reaction involving 
bis(trimethylsilyl)phenylmethane and N-benzyli- 
dene-n-butylamine in the presence of sddium- 
trimethylsilanoate/HMPA 
(i) ; At room temperature 
A solution of sodiumtrimethylsilanoate (0.72g, 6.4 mmol) 
in HMPA (20 ml) was added dropwise to a solution of bis- 
(trimethylsilyl)phenylmethane (0.76g, 3.20 mmol) in HMPA 
(5 ml) under nitrogen. After 10 rains, a solution of 
N-benzylidene-n-butylamine(O. 50g, 3.10 mmol)in HDMPA (5 ml) 
, was added to the mixture-when 
a. brown solution was 
obtained at room temperature. The reaction mixture was 
allowed to stir at room temperature 
(1h). The resulting 
dark green solution was hydrolysed with hydrochloric 
acid (2M, 50 ml). The aqueous layer was separated from 
the yellow organic layer and extracted with dichloro'»+ 
methane (3x40 ml). The combined extracts and organic. 
layer were washed with distilled water and dried over 
anhydrous magnesium sulphate. The filtered solution 
was concentrated to dryness to give a brown liquid 
(1.509) ( SH(CDC13) 0.07 (s), 0.70-1.90 (m, broad), 
3.60 f: ), 7.20-8.10 (m), 8.25 (s), 8.60 (s)) which 
was not further purified. 
(ii) At 70 °C 
When the reaction mixture was heated at 
70 °C (1h), the work-up led to a brown liquid (1.55g) 
which was shown , by H1 n. m. r, to 
be authentic with 
the products obtained in 5.3.6 W. 
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5.3.7 The Peterson olefination reaction involving 
bis(trimethylsilyl)phenvlmethane and benzaldehyde 
in the presence of sodiumtrimethylsilanoate/HMPA 
The-reaction was carried out according to the procedure 
described in 5.3.6(i), using sodiumtrimethylsilanoate 
(0.45g, 4.00 mmol, ý--, bis(trimethylsilyl)phenylmethane 
(0.47g, 2.00 mmol), benzaldehyde (0.20g, 1.90 mmol) 
and HMPA (30 ml). The yellow solution in dichloromethane 
(30 ml) afforded cis-'and trans-stilbene in the ratio 
of 1.00: 1.30 (by glc)c(97%). The products were charac- 
terised by comparison with authentic samples. 
5.3.8 The Peterson olefination reactions involving 
alkyl(trimethylsilyl)acetate and N-benzylidene- 
aniline 
These reactions were carried out according to the proce- 
dures described below. 
in hexane 
A solution of n-butyllithiumA(10.3 ml, 1.6M, 16.41 mmol) 
was added using a precision syringe to a stirred solution 
of di-isopropylamine (1.70g, 16.41 mmol) in dry THF- 
(10 ml) at -78 
°C. After 30 mins, the pale yellow solu- 
tion was dropped into a solution Of. alkyl(trimethyl 
silyl ) acetate . 
(13.67* inmol ) in dry THF (2 ml). at 
-78 
°C. The brick-red solution was stirred at -78 
°C (4 h). 
A-'solution of NýbeniyLideneaniline (2.70g, 15.04 mmol) 
in dry THE (2 ml) was added dropwise. After 14 h, the 
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pink solution was allowed to warm up to -25 
°C and left 
to stir (over / h). The reddish brown solution was . 
finally allowed to reach room temperature and was quenched 
with saturated aqueous ammonium chloride (15 ml). The 
solution was extracted with diethyl ether (3x20 ml) and 
the combined extracts were, dried over anhydrous magne- 
sium sulphate. The filtered solution was concentrated to 
give a viscous brown liquid. The starting azomethine was 
recovered quantitatively (90ä). 
(i) Methyl(tiimethylsilyl)acetate 
When methyl(trimethylsilyl)acetate (2.00g, 13.67 mmol) 
was used, =N-benzylideneaniline was recovered (90%). The 
reaction was analysed by 
1H 
n. m. r: -6H(CDC13) 0.05-1.50 
(m, butyl/PhCH(Bu)NHPh), 3.45 (ill-defined triplet (CH/ 
PhCH(Bu)NHPh), 6.40-7.50 (Ph - NH), 8.30 (CH/PhCH=NPh). 
(ii) Ethvl(trimethylsilyl)acetate 
When_ethyl(trimethyl-silyl)acetate (2.19g, 13.67 mmol) 
was used, N-benzylideneaniline was recovered (90%). and 
the silyl acetate was recovered (92%). 
5.3.9 The Peterson olefination reactions involving 
vinvlsilanes and N-benzylideneaniline 
The reactions were carried out using the method of Chan16. 
Used a solution of n-butyllithium in hexane (13.8 ml, 1.6M, 
22.00 mmol) , TMEDA!. (2.30g, '20.00? mmol) , vinylsilane 
(20.00 mmol), N-benzylideneaniline (3.26g, 18.00 mmol; j. 
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and diethyl ether (4 ml). "On work-up, the reaction 
mixture afforded a brown liquid. 
(i) Vinyltrimethylsilane 
When vinyltrimethylsilane (2.00g,. 20.00 mmol) was used, 
the reaction mixture was distilled to give a brown 
of to%kº. &A s oowfoSi' ov% 
liquid, (3. OOg)(b. p 142-144 °C/0.25 mmHg; Found: C, 80.13, 
H, 10.13, N, 4.17 (C23H34N). max(neat): 3413,3054-2857, 
1603,1504,1466,1453,1427,1357,1318,1248,1180, 
1155,1029,993,834,749,701,692 cm-1; 6H(CDC13) 0.50- 
2.00 (m), 4.30 (t), 6.40-7.50 (m). 
(ii)Vinyltriphenylsilane 
When vinyltriphenylsilane (5.73g, 20.00 mmo14 was used, 
the azomethine was recovered quantitatively (80%) Y" 
max 
(neat) 3419,3068-2857,1627,1601,1503,1453,1429, 
1378,1314,1263,1170,1110,1076,1029,999,915,874, 
743,701 cm-1; 'H(CDC13) 0.60-2.10 (m), 3.30(ill-defined), 
6.40-6.80_(m), 7.00-7.60 (m), 8.45 (s). 
(iii) Vinyltriphenylsilane in the absence of TMEDA 
When vinyltriphenylsilane (5.73g, 20.00 mmol) was used 
in the absence of TMEDA, the azomethine 
(80%) y` 
max 
(neat) 3415,3067, 
was recovered 
3025,2959,2928,2858, 
1959,1822,1602,1503,1453,1429,1380,1316,1263, 
1190,1110,1074,1029,998,910,872,744,701 cm-1; 
SH(CDC13) 0.60-2.10 (m), 3.30 (q, obscured underr ill- 
defined resonances), 6.40-6.80 (m),, 7.00-7.60 (m), 
8.45 (s). 
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5.3.10 The reaction between (trimeth)7lsilvl)methvl 
magnesium chloride and N-benzylideneisopropvl- 
amine 
A suspension of magnesium (O. 33g, 13.75 mmol) in diethyl 
ether (12 ml) was placed in a three-necked flask under 
nitrogen at room temperature. An aliquot (2 ml) of the 
solution of chloromethyltrimethylsilane (1.67g, 13.65 
mmol) in diethyl ether (5 ml) was added dropwise to the 
slurry. An iodine crystal was dropped and the reaction 
mixture way heated under reflux. The remaining solution 
of chloromethyltrimethylsilane was added dropwise and 
the resulting reaction mixture was stirred over a water 
bath at 50 °C (1/ h). A grey solution was obtained .A 
solution of N-benzylideneisopropylamine (2.00g, 13.65 
mmol) in diethyl ether (5 ml) was finally added to give 
a milky grey solution. After l/h, the reaction mixture 
was analysed by 
1H 
n. m. r. N-Benzylideneisopropylamine 
was recovered (9856) . 
5.3.11 The reaction between (trimethylsilyl)methyllithium 
and N-benzvlideneisopropylamine 
A solution of n-butyllithium in hexane (7.9 ml, 1.6m, 12.60 
mmol) was added to a stirred solution of tetramethyl- 
silane (1.06g, 12.00 mmol) and TMEDA (1.46g, 12.60 mmol) 
in THE (6 ml) under nitrogen in an ice bath. After 4h, a 
solution of N-benzylideneisopropylamine in THE (6 ml) was 
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added dropwise: to the yellow-orange solution at room 
temperature. A brown-orange solution was obtained and 
was allowed to stir (1 h). The reaction mixture was 
quenched with aqueous ammonium chloride, extracted with 
diethyl ether (3x20 ml) and dried over anhydrous magne- 
sium sulphate. The solvent was finally removed to give 
a yellow liquid (1. lOg). The 
1H 
n. m. r spectrum shows 
recovery of N-benzylideneisopropylamine (98%). 
5.3.12 The reaction between benzyltrimethylsilane and 
N-benzylideneisopropylamine in the presence of 
magnesium bromide 
Benzyltrimethylsilane (2.00g, 12.20 mmol) was treated 
in hexane 
with a solution of n-butyllithiumA(8.4 ml, 1.611,13.40 mmol) 
and TMED'1 (1.56g, 13.40 mmol) in THE (5 ml). A freshly 
prepared ethereal solution of magnesium bromide (1.39g, 
13.40 mmol) was added dropwise to the ox-blood coloured 
solution to give a clear colourless solution and an 
off-white precipitate. The reaction mixture was left to 
stir at room temperature (14 h). A solution of N-benzy- 
lideneisopropylamine (1.87g, 11.60 mmol) in THE (10 ml) 
was added slowly to give a green solution with a white 
precipitate. After 16 h, the reaction mixture was 
quenched with aqueous ammonium chloride, extracted 
with diethyl ether (3x20 ml) and dried over anhydrous 
magnesium sulphate. The solvent 
was removed to afford 
complete recovery of N-benzylideneisopropylamine. 
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5.3.13 The reaction between benzyltrimethylsilyl 
magnesium bromide and trimethylacetaldehyde 
A solution of bromobenzyltrimethylsilane (2.00g, 8.00 
mmol) in THE (5 ml) was added to a suspension of magne- 
sium (0.30g, 7.40 mmol). An iodine crystal was used as 
catalyst and the solution was heated under reflux (1h)", 
After formation of the grignard reagent, a solution of 
trimethylacetaldehyde (0.83g, 9.60 mmol) in THE (5 ml) 
was added to it dropwise. The reaction mixture was heated 
under ref lux (16h). The yellow solution was quenched 
with aqueous ammonium chloride, extracted with diethyl 
ether (3x20 ml) and dried over magnesium sulphate. The 
filtered solution was concentrated to give a yellow 
liquid (1.47g) and a white crystalline product (0.50g) 
which was isolated by filtration. The yellow liquid 
was analysed by 
1H 
n. m. r to show the presence of 
benzyltrimethylsilane, bromobenzyltrimethylsilane and 
trap -ß-t-butyl styrene. 
15 Identification was 
carried out by comparison with the spectra-of authentic 
samples. Analysis bygic confirmed presence of these 
compounds (5%, 357o and. 5% respectively). The white 
crystals, on further purification using diethyl ether, 
afforded 1,2-bis(trimethylsilylphenyl)ethane (0.40g) 
(m. p 74-76 
°C; Lit* m. p 73-75 °C); 
2 max(nujol mull) 
3060-2926,1599,1248,1207,1104,1071,1033,915,838, 
781,752,704 cm-1; 46H(CDC13) 0.03 (s, 18 H, SiMe3), 
2.85 (s, 2H, CH) , 7.32 (s, IOH, Ph) . 
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5.3.14 The reaction between benzyltrimethylsilane and 
ropanal. in the presence of co DE er iodide 
A solution of benzyltrimethylsilane (2.00g, 12.20 mmol) 
in THE (5 ml) was treated with a solution of n-butyllithium in hexane 
A(9.1 ml, 
1.6M, 14.60 mmol), and TMEDA (1.69g, 14.60 
mmol) in THE (5 ml). After 4h, solid copper(I) iodide 
(2.32g, 12.20 mmol) was added to the ox-blood solution 
to give a dark greenish brown solution. The latter was 
allowed to stir at room temperature (/h). A solution 
of propanal (0.78g, 13.40 mmol) in THE (5 ml) was 
added dropwise to form a dark blue solution. After 16h, 
the reaction mixture was quenched with aqueous ammonium 
chloride, extracted with diethyl ether (3x30 ml) and 
dried over anhydrous magnesium sulphate. The green- 
yellow solution was concentrated and analysed by tic, 
glc and 
1H 
n. m. r spectroscopy. Benzyltrimethylsilane 
was recovereld (80%); 1,2-bis(trimethylsilylphenyl)- 
ethane was obtained (2ý7o). The product was identified by 
comparison of the spectrum with that of an authentic sample. 
5.3.15 The reaction between tricarbonyl(benzyltri- 
methylsilyl)chromium(O) and benzaldehyde 
A solution of tricarbonyl(benzyltrimethylsilyl)chromium(O) 
(0.25g,, 0.83 mmol) in THE (2 ml) was placed in a three- 
necked flask under nitrogen at room temperature. A 
solution of n-butyllithium in hexane (0.6 ml, 1.6M, 
2 
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0.92 mmol) was added dropwise. After 20 rains, a solu- 
tion of'benzaldehyde (0.109,0.92 mmol) in THE (1 ml) 
was added slowly to the brownish green solution. After 
16h, the dark green solution was exposed to air and 
subsequently to sunlight and light from a 60w electric 
lamp. However, no reaction was observed. The reaction 
mixture was then irradiated using a u. v lamp in the 
presence of air (4/h). Tricarbonylchromium was precipi- 
tated as dark green solid. The reaction mixture was 
hydrolysed with aqueous ammonium chloride, extracted 
with diethyl ether (3x20 ml) and dried over anhydrous 
magnesium sulphate. The concentrated greenish yellow 
liquid (0.20g) was analysed by t1c, glc, i. r and H n. m. r 
spectroscopy. Tic showed the presence of four components 
including benzylsilane (715), benzaldehyde and tricar-- 
bonylchromium; gic showed four major components; Y- 
max 
(neat) 3660-3250,3100-2700,1715,1600,1500,1460, 
1255,. "1210,1165,900,750,700 cm-1; -SH(CDC 13) 0.02 
(s, TMS/PhCH2-SiMe3,0.80-1.90 (weak resonances in butyl 
region), 2.08.. (s, CH2/PhCH2SiMe3), 4.00 (t), 5.00 (d), 
6.80-7.60 (m), 9.90 (PhCHO). 
Purification by column chromatography gave uncharacteri= 
sable products. 
The reaction was carried out several times using pyridine 
or u. v light to remove tricarbonylchromium. Purification 
by column chromatography again yielded uncharacterisable 
products. 
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5.3.16 The synthesis of aziridines involving a_chloro- 
methyltrimethylsilane and azomethines 
These reactions were carried out according to the general 
procedure described below. 
(i) o<_ChloromethyltrimethVlsilane-N_benzylideneoropylamine(127) in cyclohexane 
Typically, a solution of sec-butyllithiumA(15.9 ml, 1.4M, 
22.20 mmol) was added to a solution of o(-chloromethyl- 
trimethylsilane (CMTMS) (2.509,20.40 mmol) and TN1EDA 
(2.37g, 20.40 mmol) in THE under nitrogen at -78 
°C. The 
yellow orange solution was stirred at -78 
°C (1h) and 
the temperature of the cardice/acetone bath was raised 
to ca. ---65 
°C. To this was added a solution of N-benzy- 
lidenepropylamine (3.00g, 20.40 mmol) in THE (3 ml). The 
temperature was raised to ca. -40 
0C 
and the resultant 
orange solution was stirred (lh). The bath temperature 
was finally raised to room temperature. The reaction 
mixture was stirred over 17h under nitrogen to give a 
deep reddish orange solution. This was quenched with 
a saturated solution of ammonium chloride (20 ml), 
followed by extraction with diethyl ether (3x20 ml) and 
the yellow organic layer was dried over anhydrous 
magnesium sulphate. The filtrate was concentrated at 
40 °C/15 mmHg and was distilled under reduced pressure 
to give cis-l-propyl-2_trimethylsilyl-2-phenylaziridine 
(2.5g, 535c) (b. p 46-48 °C/0,. 02 mmHg; Found: C, 72.11, 
H, 10.00, N, 6.11. C14H2, NSi requires C, 72.04, H, 9; 93, 
N, 6.005). 'rmax(neat) 3000-2850,1250,850-700 cm-1; 
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ÖH(CDC13) 
-0.23 (s, 9H, SiMe3), 0.10 (d, 1H, Jcis7.5Hz), 
1.00 (t, 3H ), 1.70 (m, 2H), 2.60 (d, 1H, Jcis7.5Hz), 6.80 
(m, SH, Ph); S C(CDC13) -1.84 
(SiMe3)1 12.04 (CH3/Pr), 
23.41 (N-CH2CH2CH3), 38.14 (C-SiMe3), 46.36 (CPh), 
66.32 (N-CH2), 126.36 (C2 & C6/ Ph), 127.79 (C4/Ph), 
128.60 (C3 & C5/Ph), 140.26 (C1/Ph). 
(ii) c(-Chloromethyltrimethylsilane-N-benzvlideneaniline(128) 
in cyclohexane 
The reaction was carried out using sec-butyllithium'A (9.6 ml, 
1.4M, 
. 
13.50 mmol), (MTMS (1.50g, 12.20 mmol), TMEDA 
1.42g., 12.20 mmol), N-benzylideneaniline (2.21g, 12.20 
mmol). A sample of the reaction mixture was separated 
by chromatography on a silica column using diethyl ether: 
hexane (1: 11) to give cis- and trans-1-phenyl-2- 
trimethylsilyl-3-phenylaziridines in the ratio of 
51.5%: 48.5% (2.52g, overall yield 77.1%). 
Cis- 1=phenyl-2-trimethylsilyl-3-phenylaziridine. 
(1.30g) (Found: C, 76.2; H, 7.7; N, 5.2. C17H21NSi 
requires C, 76.3; H, 7.9; N, 5.2%); Vm (neat) 3150-2850, 
1600,1500,1410,1260,850,750,690 cm-1; SH(CDC13) 
-0.12 (s, 9H, SiMe3)"1.70 (d, 1H, Jcis8.0Hz), 3.45 (d, 1H, 
'TcisB. 
OHz) , 6.95-7.65 (m, 1OH; 
öc(CDC1 ) -. 1.95 (SiMe3) , 
38.37 (C-SiMe3), 46.07 (C-Ph), 120.35'(C2 & C6/Ph), 
122.25 (C2 & C6/ N-Ph), 127.01 (C4/Ph), 127.59 (C4/ N-Ph), 
128.05 (C3 & C5/Ph) , 129.91 (C3 & C5/N-Ph) , 139.25 (C1/Ph) , 
157.60 (C1/N-Ph). 
brans-l-phenyl-2-trimethylsilyl-3-phenylaziridine was 
obtained as white crystals (1.22g) (Found: C, 76.1, 
226. 
H, 7.8; N, 5.15-. C17H21NSi requires C, 76.3, H, 7.9, 
N, 5.2`Ic); Ymax(nujol mull) 3063,3033,2954,2923, 
2856,1702,1598,1492,1456,1401,1318,1253, _1218, 
1178,1146,1095,1060,1026,999,932,896,844,792, 
760,717,697,669 cm-1; 16 H(CDC13) -0.04 
(s, 9H, SiMe3), 
1.85 (d, 1H, Jtrans 4.5Hz), 3.28 (d, 1H, 4.5Hz), 6.85-7.48 
(m,. 1OH, Ph); öC(CDC13) -2.01 (SiMe3), 41.30 (C-SiM e3), 
42.85 (CL-Ph), 120.80 (C2 & C6/Ph), 121.90 (C2 & C6/N-Ph), 
126.50 (C4/Ph), 127.10 (C4/N-Ph), 128.30 (C3 & C5/Ph), 
128.70 (C3 & C5/N-Ph), 139.50 (C1/Ph), 152.20 (C1/N-Ph). 
(iii) c<-Chloromethvlt7imethvlsilane -N-benzvlidene-2-- 
propvlamine (129) in cyclohexane 
The reaction was carried out using sec-butyllithium>(56.1 ml, 
1.4M,. 78.60 mmol), CMTMS (8.76,71.40 mmol), TMEDA 
(ß. 30g, 71.40 mmol), N-benzylidene-2-propylamine (10.00g, 
68.00 mmol). The mixture was separated by chromatography 
on a silica column using hexane: diethyl ether (11: 1) 
as eluent. The starting N-benzylidene-2-propylamine was 
recovered (84%) and the other components could not be 
characterised due to decomposition on the column. 
tC-Chloromethyltrimethvlsilane-N-(meth 1- 
benzyl ideneLn-ProPVGaýý (130) 
in cyclohexane 
The reaction was carried out using sec-butyllithium, (24.4 ml, 
MIK al 
1.4M, ", 34.20 mmol) 0 CMTMS 
(3.81g, 31-06)., TMEDA (3.61g, 
227. 
30.98 mmol), N-(methylbenzylidene)-n-propylamine 
(5.00g, 31.20 mmmol). The reaction mixture was analysed 
by tlc and glc. The chromatogram showed recovery of the 
starting azomethine (65.9c). Three other components at 
higher retention times were detected in the following 
respective yields: 1.5,4.0 and 28.614 w/w. 
The reaction was further purified on a silica column 
using hexane: diethyl ether as eluent (11: 1). The 
azomethine decomposed to give acetophenone (607c) and 
-trimethyIsilylethyl phenyl ketone was obtained (30%) 
and characterised by 
1H 
n. m. r, ÖH(CCl4) 0.00 (s, 9H, )8iM e3) 
0.82 (21-1, J=9Hz), 2.85 (2H, J=9Hz), 7.32-8.10 (m, 5H). 
The product was confirmed by comparison with the spectrum 
of an authentic sample. 
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(v) bChioromethyltrimethylsilane-, N-t-biitvlidene 
n-propylamine (131) 
in cyclohexane 
The reaction was carried out using sec-butyllithium , (15.9 ml, 
1.4M, 22.20 mmol), G1TMS (2.63g, 21.40 mmo"l. ), TMED. A 
(2.49g, 21.40 mmOl) and N-t-butylidene-n-propylamine 
(2.59g, 20.40~mmol). The reaction mixture was purified 
on a silica column using the same eluent as in (iv). 
The starting azomethine was recovered. (90%). 
(vi) oG-Chloromethyltrimethylsilane-N-hexylidene-n- 
propylamine (132) 
The reaction was carried out using sec-butyllithium 
in cyclohexane (21.8 ml, 1.4M, 30.58 mmol) 
228. 
CMTMS (3.13g, 25.49 mmol), TMEDA 
(2.47g, 21.24 mmol) and N-hexylidene-n-propylamine 
(3.00g, 21.24 mmol). On work-up, the reaction mixture 
was analysed by 
1H 
n. m. r. The starting azomethine was 
recovered (90°x). 
1H 
n. m. r spectrum showed resonances in 
the region 3.45-3.95 ppm. On purification by column 
chromatography using the same eluent as in (iv), no 
aziridine was obtained. 
(vii) o(-Ch loromethyltrimethyl silane-N-ethylidene-n- 
propvlamine (133) in cyclohexane 
The reaction was carried out using sec-butyllithiumA(48.5 ml, 
1.4M, , 67.83 mmol) , C'. ITMS 
(7.90g, 64.60 mmol) , TMEDA 
6.80g, 58.73 mmol) and N-ethylidene-n-propylamine 
( 4.17g, 58.73 mmol). The reaction mixture was distilled 
under reduced pressure to yield complex products (1.1g) 
(; b .p 53-54 
°C/0.80 mmHg) rmax (neat) 2958,2876,1671, 
1462,1412,1380,1251,1143,1115,1009,844,752, 
693 cm-1; öH(CDC13) -0.05, -0.04,0.03,0.04 (SiNie3 
resonances), 0.45-1.00 (m), 1.00-1.65 (m, broad), 3.20- 
3.40 (m); £C(CDC13): 33 carbon resonances present, 
including one resonance at 167.28 ppm and 4 resonances 
in the SiMe3 region. 
(viii) o(-Chloromethyltrimethylsilane-N- neopentylideneaniline 
in cyclohexane 
The reaction was carried out using sec=butyllithium., (13.7 ml, 
1.4M, 19.20 mmol), CMTMS (2.00g, 16.00 mmol), TMEDA 
(1.86g, 16.00 mmol) and neopentylideneaniline_(2.00g, 
229, 
14.00 mmol). The orange yellow reaction mixture. showed 
three major components by tlc and indicated one SiM e3 
resonance according to the 
1H 
n. m. r spectrum: 5H(CDC13) 
0.05 (SiMe3), 0.70-2.00 (butyl resonances), 2.20-2.35 
(TM EDA resonances), 3.40-3.90 (broad resonances), 
6.30-7.45 (m, Ph),: 7.70-8.00 (weak resonances). 
On purification by column chromatography using hexane as 
eluent, the reaction mixture yielded uncharacterisable 
products. 
(ix) 
hexahvdro-1,3,5-triazine (164) 
9-Chloromethyltrimethylsilane-1,3,5-tripropvl- 
in cyclohexane 
The reaction was carried out using sec-butyllithiumA (28.0 ml, 
1.4M, 39.13 mmol ), QV. TMS (4.00g, 32.61 mmol ), TMEDA 
(3.40g, 29.31 mmol) and 1,3,5-tripropylhexahydro-1,3,5- 
triazine (5.00g, 23.47 mmol). On the basis of 
1H 
n. m. r, 
the starting triazine was recovered (70). Purification by 
column chromatography using hexane as eluent yielded a 
I-propyl-2-trimethylsilylaziridine (1Oä): 
16H(CDC13) 0.05 (s, 9H, Sih'. e3) , 0.17-0.40 (AB of ABC, 
J=5Hz), 0.50-2.00 (m, 7H, Pr &. ring C3-protons), 2.10- 
2.80 (m, 2H/Pr) . 
5.3.17 Investigation of isomerisation of trans-1- 
ph enyl-2-trimethylsilyl-3-phenylaziridine 
Trans-l-phenyl-2-trimethylsilyl-3-phenylaziridine (0.40g4 
in deuterated chloroform (1.0 ml) was shaken with 
aqueous sodium hydroxide (2NI) and the mixture was left 
230. 
to stand for 4 weeks. The solution was shaken regularly 
during this time and 
1H 
n. m. r of the mixture showed 
complete recovery of trans-1-phenyl-2-trimethylsilyl- 
3-phenylaziridine. 
5.3.18 Reaction of phenylazide with vinyltrimethylsilane 
in the presence of trifluoroacetic acid 
This reaction was carried-out by the method of Takeuchi. 
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Trifluoroacetic acid (7.5 ml, 75 %.. v/v) was added to a 
mixture of vinyltrimethylsilane (5.008,50 mmol) and 
phenylazide (3.97g, 30.00 mmol). :A dark blue suspension 
was observed. The reaction mixture was allowed to stir 
at room temperature under nitrogen (5h). 
1H 
n. m. r showed 
recovery of the starting vinyltrimethylsilane (98%). 
5.3.19 Thermal reaction of phenylazide and vinyltri-4 
methylsilane 
The mixture of phenylazide (1.0g, 8.39 mmol) and vinyl- 
trimethylsilane (3.30g, 33.00 mmol) in hexane (5 ml) 
was heated under ref lux at 60 
0C 
under nitrogen (3/h). 
The orange yellow reaction mixture was concentrated to 
dryness. '_Tlc, using hexane as an eluent, showed the 
presence of phenylazide, aziridine and a new product. 
Glc showed the presence of three major components. A 
sample (O. 73g) was purified on a silica column using 
hexane/ diethyl ether (11: 1) as eluent. Separation 
afforded 1-phenyl-2-trimethylsilylaziridine (O. 15g, 19%) 
(Found: C, 69.0; H, 8.9; N, 7.3. C11H17NSi requires 
C, 69.0; H, 9.0; N, 7.354). max(neat) 3100-2896, 
1595,1490,1335,1155,925,840,750,690 cm-1; 6H(CDC23) 
0.10 ( s, 9H, SiNle3 ), 1.30 (1H, d of d, C of ABC), 2.10 
(m, 2H, AB. of ABC, JAC=7.5Hz, JBC=5. OHz, JAB=1.7Hz), 
7.40-6.70 (m, 5H, Ph); ¢'C(CDC13) -3.16 (SiMe3), 29.36 
(CHSihie3), 31.14 (. ýCH2), 121.04 (C2 & C6/Ph), 122.02 
(C4/Ph) , 128.68 (C3 & C5/Ph) , 156.43 (C1/Ph) . 
5.3.20 photolytic reaction of phenylazide with vinyl- 
trimethylsilane 
A mixture of phenylazide (0.50g, 4.20 mmol) and vinyl- 
trimethylsilane (O. 80g, 8.00 mmol) was placed in a 
quartz u. v cuvette and mounted on a rayonet. The solution 
was irradiated using a medium pressure arc (ca. 5.5 watts) 
(1/h). A brown orange solution was obtained and analysed 
by 1H n. m. r. The mixture afforded 1-phenyl-2-trimethyl-: 
silyl-1,2., 3-triazoline ; 6H(CDC13) 0.14 {Sihle3), 
3.10-4.20 (complex pattern, non-aromatic H's), 6.40- 
7.50 (phenyl H's), 
qý L v,.. y&atzo cf `%C C 'SO red/wt y 
and 1-phenyl-2-trimethylsilylaziridine ; H(CDC13). 
0.10 (SiNe3) , 1.30 (d of d, C of ABC), 2.10 (m, AB of 
ABC, JAC=7.5Hz, JBC=5. OHz, JAB=1.7Hz), 6.70-7.40 (m, Ph). 
After 3/h irradiation, the reaction mixture afforded 
1-phenyl-2-trimethylsilylaziridine (50ä). The product 
was characterised by comparison of the spectrum with that 
obtained in 5.3.19. 
232. 
5.3.21 Reaction of cis-l-propyl-2-trimethylsilyl-3- 
phenylaziridine with s(+)-1,1'-binaphthalene- 
2,2'-diyl-hydrogen phosphate ((+)_BNPA) (1gg qA3) 
A solution of cis-l-propyl-2-trimethylsilyl-3-phenyl- 
aziridine (0.20g, 0.86 mmol) in methanol (0.5 ml) was 
added to a suspension of (+)- BNPA (0.30g, 0.86 mmol) 
in methanol (2 ml) under nitrogen. The pale reaction 
mixture was allowed to stir at room temperature (2h). 
The solution was concentrated to dryness to give a 
white crystalline solid (0.40g) 44ö). Fractional 
crystallisation from absolute ethanol afforded diastereo- 
meric (+)_ß. NPA-(+)-cis-l-propyl-2-trimethylsilyl-3-phenyl- 
by 'H n"M. rn, 
aziridine (82% purityj\ the other impurity being the 
diastereomeric (+)_BNPA_(_)-cis-l-propyl-2-trimethylsilyl- 
3-phenylaziridine (18°'. 0)) ; £H(+)diastereomer (CDC13) 
-0.30 (s, 9H, SiMe3), 0.60 
(t, 3H, CH3/Pr), 1.20-1.90 
(m, 2H, CH2/Pr, including one d, 1H(at 1.70), J=9. OHz, 
(methine proton)), 2.50-2.90 (m, 2H, CH2-N), 3.80 (d, iH, 
J=9. OHz), 7.00-8.00 (m, 18H, (Ph(5H), BNPA(12H) & NH(1H); 
6'C(CDC13) -2.41 (SiMe3), 10.63 
(CH3/Pr), 20.34 (CH2CH3), 
40.90 (N-CH2), 49.00 (CSiMe3), 59.34 (CPh), 121.96, 
124.54,125.87,127.01,127.24,128.39,129.94,130.98, 
132.53,149.19,149.53 (C'! s/aromatic rings). 
5.3.22 Determination of optical rotation of (+) and 
(-)-cis-l-propyl-2-trimethylsilyl-3-phenylaziridine 
A solution of (+)_BNPA_(+)_cis-l-propyl-2_trimethylsilyl- 
233. 
3-phenylaziridine (82% pure, Cf 5.3.21) (o. 10g, 
0.17 mmol) in dichloromethane (3 ml) was shaken with 
triethylamine (3 ml). The mixture was left to stand 
(/h). On addition of hexane (5 ml), the reaction mixture 
afforded a white precipitate which was 'removed by 
f iltration.. The filtrate was concentrated to dryness to 
give (+)-cis-l-propyl-2-trimethylsilyl-3-phenylaziridine 
(82% pure) (0.038g, 0.16 mmol). The angular rotation at 
19 °C and path length=1 dm (sodium D line as reference) 
was =0.45° . (for a'solution of 0.76g in 100 ml ethanol). 
589 0 
nm = 
0.45 x 100 
Ixc 
where 1=path length in dm, c=concentration in g/100 ml 
H 19 
0c 
- 0.45 x 100 589nm Ixo. 76 
Since the (+)-enantiomer is only 82% pure, the calculated 
optical rotation can be represented by: - 
+59.2c = 0.82y-0.18y, 
where y= the optical rotation of the . 
(+)-enantiomer 
at 100,90. % purity. 
Therefore, for a solution of the (+)_enantiomer (100; 
purity), the specific rotation would be: 
[]19OC° 
92.5a (O. 76g/100 ml ethanol, 
1= 1 dm). 
A similar method was used to obtain the specific 
rotation at 19 
0C and path length=l dm for the 
solution of (-)-cis-l-propyl-2-trimethylsilyl-3-phenyl- 
234. 
aziridine in ethanol of concentration 1.74g/100 ml. The 
angular rotation (using sodium D line as reference) was 
65°. This gave a 
[ýj° 589 nm 
value of -37.3° for the -0. 
(-)-isomer at 70.5c purity. 
Hence, the specific rotation of the solution of 
(-)-cis-l-propyl-2-trimethylsilyl-3-phenylaziridine at 
0 
100% purity would give a 
['C119 nm 
value of -91.0° at 589 
concentration 1.74g/100 ml ethanol and pathlength=1 dm. 
5.3.23 Reaction of trans-l-phenyl-2-trimethylsilyl-3- 
phenylaziridine with tetra-n-butylammonium 
fluoride 
A solution of 1. OM tetra-n-butyl ammonium fluoride 
(2.0 ml, 1.97 mmol) in THE was added dropwise to a stirred 
solution of trans-l-phenyl-2-trimethylsilyl-3-phenyl- 
aziridine (0.48g, 1.79 mmol) in acetonitrile (3 ml) under 
nitrogen. The orange-brown solution was heated under 
ref lux at 70 
0C (18h). The reaction mixture was quenched 
with distilled water (4 ml), extracted with diethyl 
ether (2x10 m2) and dried over anhydrous magnesium 
sulphate. The ethereal solution was concentrated to 
dryness to afford impure red-brown liquid' 1,2-diphenyl- 
aziridine (0.24g, 69. Zä); max(neat) 3120-2800,1600, 
1490,1462,1450,1390,1312,1275,1150,1078,1025, 
1000,980,910,720,710,694 cm- 
1; öH(CDC13) 2.30 (m, 
2H, BC of ABC, JAC=6.3Hz, JBC=1.2Hz, JAB=3.4Hz) , 3.00 
(d of d, 1H, Aof ABC), 6.90-7.30 (m, 5H, Ph) ; SC(CDC13) 
235. 
37.34 (CH2)1 41.30 (CHPh), 120.35 (C2 & C6/Ph), 122.30 
(C2 & C6/NPh), 125.98 (C4/Ph), 127.07 (C4/NPh), 128.22 
(C3 & C5/Ph), 128.80 (C3 & C5/NPh), 139.31 (C1/Ph), 
154.42 (C1/NPh). The product was further confirmed by 
comparison of spectra with that of an authentic sample. 
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5.3.24 The reaction of cis-l-oronyl-2-trimethvlsilvl-3- 
phenviaziridine with tetra-n-butylammonium 
fluoride 
See reaction 5.3.23 for conditions. The reaction was 
carried out using cis-l-propyl-2-trimethylsilyl-3- 
phenylaziridine (0.40g, 1.70 mmol), 1. Or1 tetra-n-butyl- 
ammonium fluoride. (1.88 ml, 1.89 mmol). After 18h, 
cis-l-propyl-2-trimethylsilyl-3-phenylaziridine was 
recovered (985%). 
5.3.25 Reaction of trans-l-phenvl-2-trimethylsilyl-3- 
phenylaziridine with 1. ODI tetra-n-butylammonium 
fluoride in the presence of benzaldehvde 
A solution of-\1-OM tetra-n-butylammonium fluoride 
(0.96 ml, 0.96 mmol) in THE was added dropwise to a 
solution of trans-1-phenyl-2-trimethylsilyl-3-phenyl- 
aziridine (0.23g, 0.87 mmol) and 
benzaldehyde (O. llg, 
1.00 mmol) in THE. The reaction mixture was heated under 
ref lux at 40 
°C (2/h) to afford 1,2-diphenylaz±ridine 
(7(%) . The product was confirmed 
by comparison of spectra 
with that of an authentic sample. 
19 
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5.3.26 Reactions of the silylaziridines with aqueous 
hydrooen halides 
These reactions were carried out according to the 
general procedure described below. 
(i) Reaction of cis-l-propyl-2-trimethylsilyl-3- 
phenylaziridine with aqueous hydrogen iodide(201) 
An aqueous solution of hydrogen iodide (57% w/v) 
(2.2 ml, 9.59 mmol) was added dropwise to the aziridine 
(O. 75g, 3.20 mmol) in a 25-ml, 3-necked flask. The 
solution was stirred at room temperature (3/h). 
Dichloromethane (10 ml) was added and the solution was 
washed with a saturated solution of sodium hydrogen- 
carbonate. 
A brown viscous semi-solid was obtained after 
drying over . anhydrous magnesium 
sulphate and. removal of 
the solvent. Attempts to purify the product, 1-iodo-l- 
trimethylsilyl_2- 0. n _4- -O orcý, i1 - 2-phenylethane, using 
a silica column failed due to 
its decomposition. Analytical 
data were: max(neat) 
3390,1625,1510-1400,1340,1270, 
1200-1050,1075,1030,900-850,770,75(J, 710.... 670 cm-1; 
is H(CDC13) -0.12 
(s, 9H, SiNe3), 0.90 (t, 3H, CH3/Pr), 
1.95 (sextet, 2H, CH2CH3/Pr), 2.80 
(m, 2H, CH2N), 4.39 
(d, 1H, JA 3 12. OHz), 4.75 (d, 1H, JAS=12. OHz), 7.43-8.00 
(m, 6H, Ph & 1H from NH (exchangeable with D20));. 
dC(CDC 13)-1.09 (SiMe3)1 11.03 (CH3/Pr), 19.30 (NCH 2C! H2 CH 3)' 
23.32 (C-I), 47.97 (NCH2), 68.13 (Ph-CN), 129.54 (C2 & 
C3/ph) , 130.06 (C4/Ph) , 130.98 
(C3 & C5/Ph) , 131.38 (C1/Ph) 
(C1/Ph) . 
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(ii) Reaction of cis-l-propyl-2-trimethylsilyl-3- 
phenviaziridine with aqueous hydrogen bromide (200) 
The reaction was carried out using an aqueous solution of 
hydrogen bromide (46ö w/v) (1.3 ml, 7.46 mmol), cis-1- 
propyl-2-trimethylsilyl-3-phenylaziridine (0.58g, 
2.49 mmol) in dichloromethane (10 ml). The reaction 
afforded white(2-bromo-'jtrimethylsilyl-1-pheny)ethuI 
propylamine hydrobromide-on filtration and thorough 
washing with hexane (0.65g, 83c) (m. p. 198-200 
°C) Found: 
C, 42.5; H, 7.3; N, 3.6. C14H25Br2NSi requires C, 42.2; 
H, 7.3; N, 3.557o). max(nujol) 2270-2520,1580,1220,1100, 
850,765,700 cm-1; . H(CDC13) -0.20 
(s, 9H, SiMe3), 0.75 
0.75 (t, 3H, CH3/Pr), 1.70 (sextet, 2H, CH2CH3/Pr), 
2.65 (m, 2H, - CH2N/Pr), 4.30 (s, 2H, ring opened H's), 7.20-7.74 
(m, 7H, Ph+NH2 exchangeable with D20); a'C(CDC13)-2.47(SiMe3), 
11.03 (CH3/Pr), 18.79 (CH2CH3), 42.62 (C-Br), 47.16 
(NCH2), 67.04 (PhCN), 129.48 (C2 & C6/Ph), 129.83_(C 4 
/Ph), 
130.69 (C3 & C5/Ph), 131.73 (CI/Ph); 
T1-CH 3-HBr) , 
255 (0.46, 
C11H16NSi) , 160 (13.6, 
m/z 298 (0.415rcl, 
M-NH-C 3H7-HBr) , 190 (14.6, 
C11H14N) , 148, (100, PhCHNHPr) , 
80 (25, HBr), 73 (74, SiMe3), 28 (64, Si). 
(iii) Reaction Of cis-l-propel-2-trimethylsilvl-3- 
phenylaziridine with aqueous hydrogen chloride (199) 
The reaction was carried out using aqueous hydrogen 
chloride (36% w/v) (0.60 ml, 5.66 mmol) and cis-l-propyl- 
2-trimethylsilvl-3-phenylaziridine (0.44g, 1.89 mmol) in 
dichloromethane (10 ml). The reaction mixture afforded 
238. 
(_ch1oro_2_trimethY1si1y1- i-pheny4e-th jI propylamine 
hydrochloride on filtration and washing with hexane 
(0.23g, 45.7%) (m. p. 196-198" °C; Found: 
C, 54.0; H, 9.3; N, 4.6. C14H25C12NSi requires C, 54.2; 
9.4; N, 4.5o); Vmax(nujol) 2540-2270,1590,1250,850, 
740,700 cm-1; &H(CDC13) -0.26 (s, 9H, SiMe3), 0.79 
(t, 3H, CH3/Pr), 1.82 (m, 2H, C42CH3/Pr), 2.60 (m, 2H, 
CH2N/Pr) , 4.27 (d, 2H, J= 
3.7Hz, ring H's), 7.26-7.68 
(m, 7H, Ph+NH2 exchangeable with D20); 6 (CDC13) -3.20 
(SiMe3), 11.20 (CH3/Pr), 18.84 (CH2CH2CH3), 46.99 (N-CH2)1 
50.50 66.87 (PhC-N), 128.97 (C2 & C6/Ph), 
129.54 (C4/Ph), 129.83 (C3 & CS/Fh), 130.58 (C1/Ph); 
NN1-NHC3H7-HC1) , m/2 254 (0.27, bi-HC1-CH3) , . 211 
(0-28' 
190 (2.46, C11H16NSi. )", 160 (2.36, C11H14N) , 148 (100, 
FhCHNHPr), 73 (21, SiNe3), 36 (13, HC1), 28 (22, Si). 
m/z 254 (0.271, M-HC1-CH3), 232 (2.51, C14H22NSi), 211 
(0.28, M-NHC3H7-HC1), 190 (2.46, C11H16NSi)9 160 (2.36, 
C11H14N), 148 (100, PhCHNHPr), 73 (21, SiMe3), 36 (13, 
HC1)9 28 (22, Si). 
(iv) Reaction of trans-1-phenyl-2-trimethylsilyl-3- 
phenylaziridine with aqueous 
hydrogen chloride (198) 
The reaction was carried out using aqueous hydrogen 
chloride (36%'w/v) (0.29 ml, 2.82 mmol) and trans-l 
phenyl-2-trimethylsilyl-3-phenylaziridine (0.25g, 
0.94 mmol) in dichloromethane (8 ml). The reaction 
mixture afforded a pale yellow solid on filtration 
and washing with hexane (0.30). The solid was insoluble 
in CDC13, CD2C12, CD3CN but fairly soluble in acetone-d6: 
SH(CD3C0CD3) 0.05 (s, SiMe3), 6.30=8.40 (m). 
6 (m) . H(LMSO-d6) . 
50-8.40 
239. 
5.3.27 Reaction of the silvlaziridines with gaseous 
hydrooen halides 
These reactions were carried out according to the 
general procedure described below. 
(i) Reaction of cis-l-propel-2-trimethylsilyl-3- 
12henvlaziridine with aaseous hydrogen bromide (200) 
Gaseous hydrogen bromide was 'sparged very slowly through 
a solution of cis-l-propyl-2-trimethylsily-1-3-phenyl- 
aziridine (O. 30g, 1.29 mmol) in carbon tetrachloride 
(5 ml). The reaction was monitored by 
1H 
n. m. r analysis. 
After sparging for 5 mins, the reaction mixture afforded 
C2 -bromo-2-trimethylsilyl-{. -phenygeth jI . propylamine 
hydrobromide (0.40,72%) on filtration and washing with 
hexane. The product was confirmed by comparison of its 
spectra with those of an authentic sample ' (Cf 5.3.26(ii)). 
(ii) Reaction of cis-l-propvl-2-trimethylsilyl-3- 
phenviaziridine with gaseous hydrogen chloride (199) 
The reaction was carried out using excess gaseous hydrogen 
chloride and cis-l-propyl-2-trimethylsilyl-3-phenyl- 
aziridine (O. 30g, 1.29 mmol) in carbon tetrachloride 
(5 ml). On filtration and washing with hexane, the 
reaction mixture gave white(2. -chloro=ý--trimethylsilyl- 
-pheny4eth ,, j -propylamine. hydrochloride (0.3g, 7.8F. c) . 
The product was confirmed by comparison of spectra with 
those of an authentic sample (Cf 5.3.26(iii)). 
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(iii) Reaction of cis-i-phenyl-2-trimethylsilyl-3- 
phenylaziridine with Gaseous hydrogen bromide (204) 
The reaction was carried out using gaseous 
hydrogen bromide and cis-l-phenyl-2-trimethylsilyl-3- 
phenylaziridine (0.20g, 0.75 mmol) in carbon tetrachlo- 
ride (5 ml). After 8 mins, the pale yellow solution 
was concentrated to dryness and washed with hexane to 
afford a cream-coloured solid, 1-bromo-l-trimethylsilyl- 
2-phenylamino-2-phenylethane (0.20g, 76%) (m. p. 101-102 0C; 
Found: C, 58.5; H, 6.3; N, 4.0. C17H22BrNSi requires 
C, 58.6; H, 6.4; N, 4.0%) ;Y ax 
(nu jol) 3400,1600,1580, 
1250,915-680 cm-1; 6H(CDC13) 0.20 (s, 9H, SiNe3), 3.70 
(d, 1H, J=3. OHz, ring-opened H's), 4.70 fd, 1H, J=3. OHz, 
ring-opened H's), 6.50-7.30 (m, 11H, Ph+NH); 6C(CDC13) 
-2.07 (SiMe3), 52.27 
(CSiMe3), 58.36 (C-Ph), 113.80 
(C2 & C6/Ph), 118.11 (C2 & C6/NPh), 126.85 (C4/Ph), 
127.43 (C4/NPh), 128.39 (C3 & C5/Ph), 129.25 (C3 & C5/NPh), 
141.26 (C1/Ph) , 145. '45 (C1/NPh) ; m/z 347 (3.84, 
C17H22BrNSi), 267 (2.2, M-HBr or C17H21NSi), 194 
(6.7, C17H21NSi-SiMe3 or C14H12N)9 182 (100, PhCH=NHPhýf, 
77 (8.6, Ph), 73 (22.3, SiN e3). 
(iv) Reaction of cis-l-phenyl-2-trimethylsilvl-3- 
phenylaziridine with gaseous hydrogen chloride(202-20V 
The reaction was carried out using gaseous 
hydrogen chloride and cis-l-phenyl-2-trimethylsilyl-3- 
phenylaziridine (O. 25g, 0.93 mmol) 
in carbon tetra=. 
241. 
chloride (5 ml). After 3 mins, the reaction mixture 
gave solid white(jchloro-z-trimethylsilyl-l-phenyl- 
ethy; dL n hydrochloride on filtration and 
washing with hexane (0.15g, 381o) (m. p. 179-181. °C; 
Found: C, 67.0; H, 7.5; N, 4.5. C 
17 
H 23 Cl 2 NSi)requires 
C, 67.0; H, 7.6; 4.6c); max(nujol)2750-2400,1610-1590, 
1500,1250,860,830,800,700 cm-1; ÖH(CDC13) -0.20 (s, 9H, 
SiNe3), 4.50 (s, 2H, ring-opened H's), 7.00-7.60 
(m, 12H, Ph+: 1H2, exchangeable with D20) ; 
ÖC(CDC13)-2.99 
(SiMe3), 49.40 (C-SiMe3), 73.65 (C-Ph), 124.95 (C2 & 
C6/Ph), 128.39 (C2 & C6/NPh), 128.91 (C4/Ph), 129.54 
(C4/NPh), 130.00 (C3 & C5/Ph), 131.09 (C3 & C5/NPh), 
131.67 (C1/Ph) , 133.97 (C1/NPh) ; m/z 303 (4.275, 
C17H23C12NS1), 267 (1.2, C17H21NSi), 194 (5.2, 
C17H21NSi-SINe3 or C14H12N), 182 (100, PhCH=NHPh), 77 
(9.8, Ph), 73 (20.9, SiMe3). 
. 
The supernatant was concentrated to dryness to give 
solid light-brown 1-chloro-l-trimethylsilyl-2-anilino- 
2-phenylethane on washing with hexane (0.12g, 60%) 
(m. p. 75-76 
°G; Found: C, 67.1; H, 7.3; N, 4.6. 
C17H22C1NSi requires C, 67.2; H, 7.3; N, 4.6%); max 
(nujol) 3420,3100-3020,2960-2840,1600,, ' 1510,1450, 
1430,1320,1250,920-700,800-700 6H(CDC13) 0.04 
(s, 9H, SiMe3), 3.60 (d, 1Fi, J=3.9Hz, ring-opened H's), 
4.70 (d, 1H, J=3.9Hz), 6.40-7.30 (m, 11H, Ph+'NH2 
exchangeable with D20) ; ¬C(CDC13) -2.64 (SiNle3) , 57.19 
(C-SiMe3), 58.83 (C-Ph), 113.63 (C2 & C6/Ph), 117.94 
(C2 & C6/NPh), 126.96 (C4/Ph), 127.48 (C4/NPh), 128.40 
(C3 & C5/Ph), 129.20 (C3 & C5/NPh), 140.98 (C1/Ph), 
(C1/NPh). 
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(v) Reaction of trans-1-phenyl-2-trimethylsilyl-3- 
phenvlaziridine with gaseous hydrogen bromide (198) 
The reaction was carried out with excess gaseous hydrogen 
bromide and trans-1-phenyl-2-trimethylsilyl-3-phenyl- 
aziridine (0.20g, 0.75 mmol) in carbon tetrachloride 
(5 ml). After 4 mins, the reaction mixture afforded 
a pale yellow solid (0.109) similar to that described 
in 5.3.26 (iv). 
(vi) Reaction of trans-l-phenyl-2-trimethylsilyl-3- 
phenviaziridine with gaseous hydrogen chloride (198) 
The reaction was carried out using excess gaseous 
hydrogen chloride and trans-1-phenyl-2-trimethylsilyl- 
3-phenylaziridine(0.20g, 0.75 mmol). A similar product 
as described in 5.3.26 (iv) was obtained. 
5.3.28 Reaction of 1-bromo-l-trimethylsilyl-2-phenylamino- 
2-phenylethane with excess gaseous hydrogen bromide(205) 
Gaseous hydrogen bromide was sparged slowly through 
a solution of 1-bromo-l-trimethylsilyl-2-phenylamino- 
2-phenylethan-e (0.15g, 0.43 mmol) in chloroform. The 
solution was concentrated to dryness and washed with 
hexane to afford the light-brown(2-bromo-2. -trimethyl- 
silyl-i-phenylethjl 6-n-n t hydrobromide (0.18g, 
99%) (m. p. 164-165 0C; Found: C, 47.5, H, 5.4; N, 3.2. 
C17H23Br2N Si requires C, 47.6; H, 5.5; N, 3.3%); 
Ymax (nujol) 3045-2356,1600,1568,1497,1417,1343, 
1304,1251,848,771,703,691,618 cm-1; 
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6 
H(CDC13) 0.20 (s, 9H, Silý,! e3), 4.70 (s, 2H, ring-opened H's), 
7.10-7.90 (m, 12H, Ph + +MI2 exchangeable with D20); 
tSC(CDC13) -2.24 (SiA9e3), 41.19 (GSiMe3)774.45 (C-Ph), 
125.00,129.08,130.06,130.40,131.44,133.39 (C's/Ph); 
in/z 347 (2.2%, M-Hßr), 267 (2.9, M-2HBr), . 194 (2.9, 
M-2HBr-SiMe3 or C14H12N) , 182 (100, PhCH =ýHPh) , 77 (8.4, 
Ph), 73 (27.6, SiMe3) . 
5.3.29 Reaction of 1-iodo-l-trimethylsilyl-2-oropvl 
amino-2-phenylethane with bases 
The reactions were carried out according to the general 
procedure described below. 
(i) Aqueous sodium hvdroxide 
Impure 1-iodo-l-trimethylsilyl-2-propylamino-2-phenyl- 
ethane (0.30g, 0.33 mmol) in diethyl ether (5 ml) was 
shaken with 2. Oh! sodium hydroxide (5 ml) and was left to 
stand at room temperature (ý4h). The organic layer was 
extracted with diethyl ether (2x5 ml). The concentrated 
organic extracts afforded cis-l-propyl-2_trimethylsilyl- 
aziridine (98%). The product was identified by comparison 
of 
1H 
n. m. r spectra with an authentic sample. 
(ii) Aqueous sodium carbonate 
When the reaction was carried out using 2. OM sodium 
carbonate, the reaction mixture again afforded cis-1- 
propyl-2-trimethylsilyl-3-phenylaziridine (100°0. 
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5.3.30 Reaction of(? -bromo-2-trim ethylsilvl-j- hen 1 
etb oroovlamine hvdrobromide with bases 
(i) n-Butyllithium 
A solution of n-butyllithium in hexane (0.4 ml, 1.6M, 0.63 
mmol) was added dropwise to a suspension of(? -bromo-2- 
trimethylsilyl-j-pheny4ethýýý propylamine hydrobromide 
(0.20g, 0.63 mmol) in hexane (2 ml). The reaction mixture 
was allowed to stir at room temperature under nitrogen 
(1/h). The solution was quenched with aqueous ammonium 
chloride, extracted with diethyl ether (3x10 ml) and 
dried over anhydrous magnesium sulphate. The filtered 
solution was concentrated to dryness to give cis-1-- 
propyl-2-trim ethyl silyl-3-phenylaziridine (0.12g, 80%). 
The product was confirmed by comparison of spectra with 
that of an authentic sample. 
(ii) Triethylamine 
Triethylamine (0.06g, 0.63 mmol)'was added, using 
a pipette, to a solution of(2. -bromo- L-trimethylsilyl- 
+-phenyleth ýI'-"'p=ropylamine hydrobromide (0.20g, 
0.63 mmol) in-\deuterated chloroform. (o. 5 ml). The 
reaction was followed by 
1H 
n. m. r. Initially, an 
AB quartet at 3.5 ppm was observed. Eventually cis-1- 
propyl-2-trimethylsilyl-3-phenylaziridine was obtained 
in quantitative yield. 
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5.3.31 Analyses of the hydrohaloaenated adducts of the 
silvlaziridines using a lanthanide shift reagent 
The analyses were carried out according to the general 
procedure described below. 
(i) (2-Chloro-Z-trimethylsilyl-J-pheny thy; _ 
phenylamine hydrochloride 
Tris(. 6,6,7,7,8,. 8,8-heptafluoro-2,2-dimethyl-3,5-octane- 
dionato)Europium (Eu(Fod)3) (0.025g) was added to a 
solution of 
(2-chloro-2-trimethylsilyl-l 
-phenyl ethj! 
phenylamine hydrochloride (0-10g) in deuterated 
chloroform (0.5 ml).. 'The solution-was thoroughly shaken: 
<ýH -0.13 (s, 9H, SiNe3), 
0.90-1.40; (Eu(Fod)3 resonances), 4.00 
(d, 1H, J=8.5Hz, ring-opened I3]ß, 4.60 (d, 1H, J=8.5Hz; 
ring-opened H), 6.80-7.60 (2. broad singlets, 10H, Ph's), 
8.00 (broad, 2H, NH2) 
(ii) (I-Bromo --trimethylsilyl--phenyethuý 
propylamine hydrobromide 
The analysis was carried out using Eu(Fod)3 (0.025ý) 
and 
(2-bromo-Z-trimethylsilyl-: l-phenyleth: jI __`"propyl- 
amine hydrobromide (0. IOg); 
¬H(CDC13) 
-0.20 (s, 9H, SiMe3) 
0.75 (t, 3H, CH3/Fr), 0.90-1.40 (Eu(Fod)3 resonances), 
1.70 (sextet, 2H, (: H2CH3/Pr), 2.65 (m, 2H, CH2-N), 4.30 
(broad singlet, 2H, ring-opened H's), 7.20-7.74 (m, 7H, 
I 
Ph & NH2). 
5.3.32 Reaction of cis-1-propyl-2-trimethylsilyl-3- 
phenylaziridine with trifluoroacetic acid 
(i) At room temperature (175) 
A solution of trifluoröacetic acid (0.25g, 2.10 mmol) 
in diethyl ether (2 ml) was cooled in an ice/methanol 
bath at -11 
°C. A pre-cooled solution of cis-i-propyl- 
2-trimethylsilyl-3-phenylaziridine (0.50g, 2.10 mmol) 
in diethyl ether (5 ml) was added dropwise to the 
trifluoroacetic acid solution. The mixture was stirred 
under nitrogen at -11 
°C (2h). The reaction mixture was 
allowed to warm up to room temperature and stirred for 
another 2h at this temperature. The reaction mixture 
was concentrated to dryness to give crude cis-1-phenyl- 
2-trimethylsilyl-N-propylaziridinium trifluoroacetate 
as a yellow oil (98°4 based on 
1Hn. 
m. r) (Found: C, 5.5.1; 
H, 6.8; N, 3.8. C16H24F3NO2Si requires C, 55.3; H, 7.0; 
N, 4.019o); max(neat) 3300-2800,1700,1210-1130,850, 
730,700 cm-1; 6H (CDC13) 0.21 (s, 9H, SiMe3), 1.22 (t, 
3H, CH3/Pr) , 2.13 (m, 2H, CH2CH3/Pr) , . 2.52 (d, 1H, J=9.5Hz, 
ring H), 3.49 -\(m, 2H, CH2-N), 4.48 (d, 1H, J=9.5Hz, ring H), 
7.65 (m, 5H, Ph), 8.40 (broad singlet, 
! 
exchangeable 
with D2O; 4C(CDC13) -3.62 (SiNes), 9.71 (CH3/Pr), 20.16 
(CH2CH3/ Pr), 43.74 (CHSiMe3), 50.71 (CHPh), 58.65 (CH2N), 
126.15,127.91,128.91,129.48, (C', s/Ph), 157.87,159.65, 
161.43,163.20 (CF3000). 
The reaction was carried out using deuterated chloroform, 
dimethoxyethane, methanol and hexane: diethyl ether (11: 1). 
All systems gave cis- 1-phenyl-2-trimethyl silyl-N-propyl- 
aziridinium trifluoroacetate. 
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(ii) Under re 1Lx (21h) 
A solution of trifluoroacetic acid (O. 25g, 2.10 mmol) 
in diethyl ether (2 ml) was added to a solution of 
cis-l-propyl-2-trimethylsilyl-3-phenylaziridine (O. 50g, 
2.10 mmol) in diethyl ether (5 ml). The reaction 
mixture was heated under ref lux at 35 OC (1h) and 
was concentrated to dryness to yield white 
(1-trimethyl- 
silyl-l-hydroxy-2-phenyl-2-N-propyl-2-N-trifluoroaceta- 
mido)ethane (13.5% (m. p. 115-116 
0C; Found: C, 55.1; H, 7.4; 
N, 4.2. C6H24F3NO2Si requires C, 55.3; H, 7.0; N, 4.0ö); 
y-max (nuj0l)_3150,1675,1640,1140,850,765,72p cm-1; 
6u(CDC13)'-0.27 (s, 9H. SiMe3), 0.84 (t, 3H, CH3/Pr), 
1.70 (m, 2H, CH2CH3/Pr), 2.50 (m, 2H, CH2-N), 3.84 (d, 1H, 
J=12. OHz), 4.20 (d, 1H, J=12. OHz), 7.47 (broad singlet, 
6H, Ph & OH, exchangeable with D2O); 
6C(CDC13) 
-3.79 
(SiD1e3), 10.86 (CH3/Pr), 19.24 (CH2CH3/Pr), 46.82 (CI-Ph), 
66.12 (NCH2), 67.33 (CF3), 128.85 (C2 & C6/Ph), 129.60 
(C4/Ph), 130.17 (C3 & C5/Ph), 131.95 (C1/Ph), 161.00 
(C=0); 6 (CDC13) -76.39 (s) using CDC13 as reference; 
m/z 177 (12 ö, PhCH-CHSiNe3) 9 148 
(100, PhCHNHPr), 
77 (Ph), 73 (40, SiMe3), 28 (47, Si). 
5.3.33 Reaction of cis-1-phenyl-2-trimethylsilyl-N- pro 
-aziridinium trifluoröacetate with sodium hydroxide 
A solution of cis-l-phenyl-2=trimethylsilyl-N-propyl- 
aziridinium trifluoroacetate 
(0.20g, 0.58 mmol) in 
diethyl ether (5 ml) was thoroughly shaken with aqueous 
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21V sodium hydroxide (5 ml) to afford cis-l-propyl-2- 
trimethylsilyl-3-phenylaziridine in quantitative yield (eýýHn"ý"rý 
after extraction with diethyl ether (10 ml),. drying 
over anhydrous magnesium sulphate-and concentration to 
dryness. The product was confirmed by comparison of 
spectra with that of an authentic sample. 
5.3.34 Reaction cis- 1-propvl-2-trimethylsilyl-3-phenyl- 
aziridine with trifluoromethane sulphonic acid 
Trifluoromethane sulphonic acid (O. 13g, 0.86 mmol) was 
syringed dropwise to a solution of Qja-l-propyl-2- 
(0.20g, 0.86 mmol) in 
methanol (i ml). A. yellow solution was obtained after 
heating under ref lux at 65 
°C (2h). The solution was 
concentrated to dryness and analysed by 
1H 
n. m. r: 
0.06 ( s, 9H, SiMe3) , 0.60-1.40 (m, 3H, CH3 ), 1.60-2.30 
(m, 2H, CH2CH3/Pr), 2.60 (d, 1H, J=10. Oilz), 3.10-3.70 
(m, 2H, CH2-N), 4.45 (d, 1H, J=10. OHz); 7.30-7.70 (m, 6H, 
Ph & NH exchangeable with D2O). 
5.3.35 Reaction of cis- l-propyl-2-trimethylsil 1-3- 
phenylaziridine with methyl trifluoromethane- 
sulphonate (176) 
riethyl trifluoromethanesulphonate (O. 46g, 2.80 mmol) 
was syringed dropwise in a solution of cis-1-propyl- 
2-trimethylsilyl-3-phenylaziridine (O. 65g, 2.80 mmol) 
in carbon tetrachloride (1.5 ml) at room temperature 
249. 
under nitrogen. The solution was vigorously stirred 
when a white precipitate was formed instantaneously. 
The slurry was allowed to stand (16h) and the white 
solid was filtered off and washed with cold carbon 
tetrachloride and hexane sucessively. This gave 
cis-l-propyl-2-trimethylsilyl-3-phenyl-N-methyl- 
aziridinium trifluoromethanesulphonate (0.70g, 58%) 
(m. p. 122-124 
0C; Found: C, 47.6; H, 6.6; N, 3.5. 
C16H26F3NO3SSi requires C, 48.3; H, ý6.6; N, 3.5); 
yrm ax 
(nujol) 1280,1160,1040,850,750,700 cm-1; 
6H(CDC13) 0.30 (s, 9H, SiMe3), 1.00 (t, 3H, CH3/Pr), 1.90 
(sextet, 2H, CH2CH3/Pr), 2.27 (s, 3H, CH3/CF30S02CH3), 
3.10 (d, 1H, J=10.5'Hz; ring H),. 3.50 (m, 2H, CH2=N), 
4.70 (d, 1H, J=10.5 Hz, ring H), 7.43 (m, 5H, Ph); 8 (CDC13) 
0-. 75 (Sillte3), 10.17 (CH3/Pr), 19.01 (2H2CH3/Pr), - 
40 . 44 ( NCH3 
), 49.01 ( CHSi. Me3)' 58.65 (CH-Ph), 67 . 67 
(NCH2), 100.24,114.49,128.68,142.92 (CF3S03 ), 
127.24 (C2 & C6/Ph), 129.31 (C4 /M), 129.71 (C3 & C5/Ph), 
130.58 (C1/Ph) ; m/z 175 (53 ö, M-Sitvle3-CF30S02), 146 
(68, M-Sif1e3-CF3OSO2-C2H5), 91 (24, PhCH2), 77 (100, Ph), 
73 (59, SiN e3). 
The specific conductance of a solution of- the product 
(O. 0387g) in ethanol (10 ml) was measured using a 
stainless steel cell and gave ak value of 3.96x10-2fL cm- 
1, 
at 298.4 K. 
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5.3.36 Reaction of cis-l-propyl-2-trimethylsilyl-3- 
phenvlaziridine with methyl iodide 
A solution of methyl iodide (0.10g, 0.72 mmol) in 
toluene (0.5 ml) was added to a solution of cis-l-propyl- 
2-trimethylsilyl-3-phenylaziridine (0.17g, 0.72 mmol) in 
toluene (1 ml). The solution was heated under reflux at 
111 °C (2h) and left to stir at room temperature (16h). 
The starting aziridine was recovered in quantitative 
yield. 
5.3.37 Reaction of cis- 1-ohenyl-2-trimethylsilvl-3- 
phenylaziridine with trifluoroacetic acid at 
room temperature 
Trifluoroacetic acid (0.049,0.37 mmol) was added 
dropwise from a syringe to a stirred solution of 
cis-l-phenyl=2-trimethylsilvl-3-phenylaziridine (0.10g, 
0.37 mmol) in diethyl ether (5 ml) at room temperature. 
After lh a reddish brown viscous liquid was obtained. 
The reaction was concentrated to dryness, washed with 
diethyl ether''and reconcentrated to give a thick brown 
liquid. The 
1H 
n. m. r analysis showed: SH(CI)C13) -0.10 
4.80 (d, J=9.6Hz), 6.60 (d, J=9.6Hz), 6.50-7.40 (m); 
The integration. gave a value of 36 H's in the phenyl 
region and 9 H's beyond the phenyl region. 
5.3.38 Reaction of cis- 1-phenvl-2-trimethvlsilvl-3- 
phenvlaziridine with methyl trifluoromethane- 
sulohonate 
(s) 9 
Methyl trifluoromethanesulphonate (O. 12g, 0.75 mmol) 
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was added dropwise to a solution of cis-l-phenyl-2- 
trimethylsilyl-3-phenylaziridine (O. 20g, 0.75 mmol) in 
carbon tetrachloride (1 ml) under nitrogen. The solution 
was thoroughly shaken and after 4h, the reaction mixture 
was analysed by 
1H 
n. m. r. Apparent formation of a new 
compound containing a TT'S resonance at 0.5 ppm was 
observed. The reaction mixture was left to stand (16h) 
and gave a dark reddish purple solution and-a brown 
coloured suspension. . 
The filtered solution, on 
1H 
n. m. r 
analysis, showed: 611(CDC13) 0.07 (s, probably due to 
hexamethyldisiloxane), 0.50 (s, probably due to trimethyl- 
silyl triflate), 7.00 (broad). The brown tacky 
suspension, (O. lg), on. 
1H 
n. m. r analysis, gave: 6H(CDC13) 
3.35 (m), 3.50 (s), 6.55-8.00 (m). 
5.3.39 Reaction of trans-l-phenyl-2-trimethylsilyl- 
3-ohenvlaziridine with trifluoroacetic acid 
A solution of trifluoroacetic acid (0.06g, 0.56 mmol) 
in hexane (1 ml) was syringed dropwise to a solution 
of trans-l-phenyl-2-trimethylsilyl-3-phenylaziridine 
(O. 15g, 0.56 mmol) in hexane (5 ml). The orange 
solution was stirred at: -room temperature . (/h) under 
nitrogen. The resulting orange solution was concentrated 
to dryness to give a red brown viscous liquid: 
6H(CDC13) 0.02 (s, 9H), 7.30-7.60 (broad. singlet, 90 H's). 
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5.3.40 Reactions of silylaziridines with trimethylsilvl 
iodide 
These reactions were carried out according to the 
general procedure described below. 
(i) Reaction of cis- l-oroovl-2-trimethvlsilvl-3- 
nhenvl ziridine with trimethvlsilvl iodide in 
stoicheiometricquantities (211) 
A solution of cis- 1-propyl-2-trimethylsilyl-3-phenyl- 
aziridine (0.108,0.43 mmol) in deuterated chloroform 
was syringed in a5 mm n. m. r tube under nitrogen. A\ 
C13 ml) 
solution of trimethylsilyl iodide . 
(O. 08g, 0.43 mmol) in 
deuterated chloroform (0.2 ml) was added dropwise to the 
solution of aziridine under nitrogen. The n. m. r tube was 
shaken thoroughly and left to stand at room temperature 
('Ah) to give a yellowish-brown solution of trans-(N- 
trimethylsilyl-N-propylamino) phenyl styrene (95 as 
determined by 1! I n. m. r); 
6H(CDC13) 0.23 (s, 9H, SiMe3)1 
0.70 (t, 3H, CH3/Pr), 1.60 (sextet, 2H, CH2CH3/Pr), 3.10 
(t, 2H, CH2-N)-ý 5.30 (d, 1H, J=14. OFiz), 6.90 (d, 1H, 
J=14. OHz), 7.15 (s, 5H) ; 
6C(CDC13 ) 5.50 (N-SiNfe3) 
, 11.66 
(CH3/Pr), 21.14 (CH2/Pr), 46.76 (CH2-N), 99.67 (=CHPh), 
123.22 (C4/Ph), 123.45 (C2 & C6/Ph), 128.34 (C3 & C5/ Ph) 
135.57 ( =CfINSiM. e3) , 139.88 (CI/Ph). 
Attempted purification by column chromatography and 
distillation on a bigger scale using the Kugelrohr 
apparatus only gave products of decomposition. 
f 
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(ii) Reaction of cis-l-propvl-2-trimethylsilyl-3- 
nhenvlaziridine with trimethvlsilvl iodide in 
catalytic Quantities (211) 
The reaction was carried out using cis-l-propyl-2- 
trimethylsilyl-3-phenylaziridine (0.10g, 0.43 mmol) 
and trimethylsilyl iodide (0.02g, 0.06 mmol). The 
reaction mixture was analysed by 
1H 
n. m. r spectroscopy 
at regular intervals (every h). After Ih, the reaction 
mixture afforded trans-(N-trimethylsilyl-N-propylamino)- 
phenylstyrene (960; as determined by 
1H 
n. m. r). The product 
was confirmed by comparison of spectra with an authentic 
sample (Cf 5.3.40(i)). 
(iii) Reaction of cis-l-phenvl-2-trimethylsily"1-3-phenyl- 
aziridine with trimethvlsilvl iodide in stoicheio-- 
metric quantities 
(212) 
The reaction was carried out using cis-l-phenyl-2- 
trimethylsilyl-3-phenylaziridine (O. 12g, 0.44 mmol) 
and trimethylsilyl iodide (0.09g, 0.44 mmol). The reaction 
mixture was analysed by 
IH 
n. m. r spectroscopy at 1-4h 
intervals. After 11ßh, the reaction mixture afforded a 
yellowish-brown solution containing trans-(N-trimethyl- 
silyl-N-pheny1amino) phenyl styrene (75%. as' determined by 
1H 
n. m. r) : 6H(CDC13) -0.20 (s, 9H, Si11e3), 5.10 (d, 1H, 
J=14. OHz), 6.50-8.00((d, 1H, J=14. OHz)± m;. IOH, Ph); 
4c(CDC13) 5.51 (N-SiMe3), 113.34 (=CHPh), 126.38,127.34, 
128.34,128.34,128.85,129.03,129.25 (Ph C's), 130.12 
(=CHN), 142.81,145.86 (C1/Ph's). 
Attempted purification by chromatography using a silica 
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column and distillation on a bigger scale using the 
Kugelrohr apparatus only gave products of decomposition. 
(iv) Reaction of trans-l-nhenvl-2-trimethylsilyl-3- 
phenviaziridine with trimethvlsilvl iodide in 
stoicheiometric quantities (213) 
The reaction was carried out using trans-l-phenyl-2- 
trimethyl silyl-3-phenylaziridine (0.09g, 0.33 mmol) 
and trimethylsilyl iodide (0.07,0.33 mmol). After 3 mins, 
the reaction mixture afforded a yellowish-brown solution 
containing trans-(N-trimethylsilyl-N-phenylamino)phenyl- 
styrene (98% as determined by 
1H 
n. m. r). The product 
was characterised by comparison of spectra with that of an 
authentic sample. 
5.3.41 Reactions of silylaziridines with trimethylsilvl 
-bromide 
The reactions were carried out according to the general 
procedure described in 5.3.40(1). 
ji) Reaction of cis-1-propyl-2-trimethylsilyl-3- 
phenylaziridine with trimethylsilyl bromide in 
stoicheiometric quantities 
The reaction was carried using cis-1-propyl-2-trimethyl- 
silyl-3-phenylaziridine (0.12g, 0.51 mmol) and 
trimethylsilyl bromide(O. 08g, 0.51 mmol). The 
lH 
n. m. r 
tube was placed in a water bath at 60 
°C (1h) and left to 
stand at room temperature (16h). The starting aziridine 
was recovered in 100` yield. 
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(ii) Reaction of cis-l-phenvl-2_trimethvlsilvl l- 
henvlaziridine with trimeth lsilvl bromide in 
stoicheiometric quantities 
The reaction was carried out using ci5-l-phenyl-2- 
trimethylsilyl-3-phenylaziridine (0.14g, 0.52 mmol) 
and trimethylsilyl bromide (0'. 08g, 0.52 mmol). The 
1 H n. m. r tube was placed in a water bath at 60 °C (lh) and 
left to stand at room temperature (16h). The starting 
aziridine was recovered in 1001= yield. 
(iii) Reaction of trans-l-nhenvl-2-trimethvlsilvl-3- 
phenylaziridine with trimethvlsilvl bromide in 
stoicheiometric auantities 
The reaction was carried out using trans-l-phenyl-2- 
trimethylsilyl-3-phenylaziridine (O. iig, 0.40 mmol) 
and trimethylsilyl bromide (0.06g, 0.40 mmol). The 
1H 
n. m. r tube was placed in a water bath at 60 °C (ih) 
and left to stand at room temperature (16h). The 
starting aziridine was recovered in 100% yield. 
5.3.42 Reactions of silylaziridines with trimeth lsilvl 
chloride 
The reactions were carried out according'to the general 
procedure described in 5.3.40(i). 
(i) Reaction of cis- 1-propyl-2-trimethylsilyl-3- 
phenylaziridine with trimethylsilyl bromide in 
stoicheiometric quantities 
The reaction was carried out using cis-l-propyl-2- 
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trimethylsilyl-3-phenylaziridine 
. 
(0.14g, 0.60 mmol) and 
trimethylsilyl chloride (0.07g, 0.60 mmol). The reaction 
mixture afforded the starting aziridine in 100% yield. 
(ii) Reaction of cis-l-phenvl-2-trimethvlsilvl-3- 
phenviaziridine with trimethvlsilvl chloride in 
stoicheiometric quantities 
The reaction was carried out using cis-l-phenyl-2- 
trimethylsilyl-3-phenylaziridine (0.17g, 0.64 mmol) and 
trimethylsilyl chloride (0.07g, 0.64 mmol). The reaction 
mixture afforded the starting aziridine in 100% yield. 
(iii) Reaction of trans-l-phenvl-2_trimethvlsilvl-3 
phenvlaziridine with trimethvlsilvl chloride in 
stoicheiometric ouantities 
The reaction was carried out using trans-l-phenyl-2- 
trimethylsilyl-3-phenylaziridine (0.12g, 
and trimethyisilyl chloride (O. 05g, 0.45 
reaction afforded the starting aziridine 
0.45 mmol) 
mmol). The 
in 100% yield. 
5.3.43 Reactions of silylaziridines with trimethylsilyl 
cyanide 
(i) Reaction of cis-l-propyl-2-trimeth lsil 1-3- 
phenylaziridine with trimethylsilyl cyanide in 
the presence of diethyl aluminium chloride 
A solution of cis-l-propyl-2-trimethylsilyl-3-phenyl- 
aziridine (O. 30g, 1.29 mmol) in dichloromethane (0.5 ml) 
was added dropwise to a solution of trimethylsilyl 
cyanide (O. 17g, 1.73 mmol) and 1.8M diethyl aluminium 
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chloride (20}'1,0.04 mmol) in dichloromethane (1 ml) 
at room temperature under nitrogen. The solution was 
heated under ref lux at 40 °C (5h) and was finally 
concentrated to dryness to afford the starting aziridine 
in 100" yield. 
(ii) Reaction of cis-l-propyl-2-trimethylsilyl_3_ 
phenylaziridine with trimethylsilyl cyanide in 
the presence of zinc chloride 
A solution of cis=}_propyl-2-trimethylsilyl-3-phenyl- 
aziridine (0.25g, 1.07 mmol) in dichloromethane (0.5 ml) 
was added dropwise to a solution contäining trimethyl- 
silyl cyanide (0.16g, 1.61 mmol) and zinc chloride 
(0.07g, 0.50 mmol) in dichloromethane (2 ml). The 
reaction mixture was heated under reflux at 40 
°C (3h). 
The reaction mixture was filtered off and the filtrate 
was concentrated to dryness to give the starting 
aziridine in 1005r. yield. 
(iii) Reaction of cis-l-phenyl-2-trimethylsilyl-3- 
phenylaziridine with trimethylsilyl cyanide in the 
presence of zinc chloride 
The reaction was carried out according to the procedure 
described in 5.3.43(ii) using cis-l-phenyl-2-trimethyl- 
silyl-3-phenylaziridine (0.20g, 0.75 mmol), trimethyl- 
silyl cyanide (0.13g, 1.12 mmol) and zinc chloride 
(0.05g, 0.37 mmol). On work-up the reaction mixture 
afforded the starting aziridine in 100% yield. 
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5.3.44 Reactions of silvlaziridines with trimethvl- 
silvl azide in the presence of zinc chloride 
The reactions were carried out according to the general 
procedure described in 5.3.43(ii). 
(i) Cis-l-proDyl-2-trimethylsilyl-3-phenylaziridine 
The reaction was carried out using cis-l-propyl-2- 
trimethylsilyl-3-phenylaziridine (0.30g, 1.29 mmol) 
trimethylsilyl azide (0.208,1.93 mmol) and zinc chloride 
(0.048,0.29 mmol). On work-up the reaction mixture 
afforded the starting aziridine in quantitative amount. 
(ii) Cis-1-ahenyl-2-trimethylsilyl-3-nhenvlaziridine 
The reaction was carried-out using cis-l-phenyl-2- 
trimethylsilyl-3-phenylaziridine (0.30g, 1.12 mmol), 
trimethylsilyl azide (0.198,1.68 mmol) and zinc 
chloride (0.05g, 0.37 mmol). On work-up the reaction 
mixture afforded the starting aziridine in quantitative 
amount. 
5.3.45 Reaction between cis-1-propyl-2-trimethylsilyl- 
3-phenglaziridine and lithium aluminium hydride 
. solution of cis-l-propyl-2-trimethylsilyl-3-phenyl- 
aziridine (0.50g, 2.10 mmol) in tetrahydrofuran (40 ml) 
was added slowly to a slurry of lithium aluminium 
hydride (0.24g, 6.40 mmol) in tetrahydrofuran (5 ml) at 
room temperature. The reaction mixture was stirred at 
room temperature (16h) and was heated under ref lux at 66 
°C 
(5h) under nitrogen. The solution was treated with 
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distilled water (10 m1), -, extracted with diethyl ether 
(3x10 ml. The organic layer was dried over anhydrous 
magnesium sulphate. The filtered solution was concentrated 
to dryness. -Analysis by 
1H 
n. m. r spectroscopy showed 
complete recovery of the starting aziridine. 
5.3.46 Reaction between cis-l-propel-2-trimethylsilyl- 
3-phenvlaziridine and sodium methoxide 
The reaction was carried out according to the method of 
Deyrup and Greenwald. 
20 Cis-l-propyl-2-trimethylsilyl-3- 
phenylaziridine (0.50g, 2.14 mmol) was added to a freshly 
prepared solution of sodium methoxide (0.23g, 4.29mmol) 
in methanol (10 ml) under nitrogen at room temperature. 
The reaction mixture was heated under reflux at 65 
0C 
(21h). On work-up, the starting aziridine was recovered 
quantitatively. 
5.3.47 Reaction between cis-1-oroovl-2-trimethylsilyl- 
3-12henvlaziri ine and di-n-butvllithium cuprate 
in the presence of boron trifluoride etherate 
ý 
The suspension of copper(I) iodide (1.22g, 6.42 mmol) 
in dry THE (20 ml) was pre-cooled at -45 
°C and a 
solution of 1. &M n-butyllithium (8.00ml, 12.84 mmol) in 
hexane was added dropwise to give a reddish-brown 
solution. After 20 mires, the solution was cooled to 
-78 
°C and a solution of cis-l-propyl-2-trimethvlsilyl- 
3-phenylaziridine (O. 50g, 2.14 mmol) in dry THE (1 ml) 
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was rapidly added to the cooled lithium organocuprate 
solution, followed by boron trifluoride etherate (20 )tl). 
The grey reaction mixture was stirred at -78 
°C 
under 
nitrogen (4h) and then allowed to warm up to room 
temperature. It was treated with aqueous ammonium 
hydroxide and aqueous ammonium chloride. The blue 
aqueous layer was extracted with diethyl ether (3x20 ml). 
The organic layer and the extracts were dried over 
anhydrous magnesium sulphate. The filtered solution was 
concentrated to dryness. Analysis by 
1H 
n. m. r and gic 
showed recovery of the, starting aziridine in 90 yield. 
However, the products could not be characterised. 
5.3.48 Reaction between cis-l-phenvl-2-trimethvlsilvl- 
3-ohenvlaziridine and pyrrolidine in the presence 
of alumina 
A solution of pyrrolidine (0.03g, 0.37 mmol) in p-dioxane 
(1 ml) was added dropwise to a solution of cis-l-phenyl- 
2-trimethylsilyl-3-phenylaziridine (O. lOg, 0.37 mmol) 
in p-dioxane over neutral alumina (1g). The reaction 
mixture was heated under reflux at ca. 90 
°C (96h) 
under a calcium chloride tube. The alumina was filtered 
off and washed with diethyl ether. The filtrate was 
concentrated to dryness. Analysis by 
1H 
n. m. r and glc 
showed complete recovery of the starting aziridine. 
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5.3.49 Reaction between cis-l-phenvl-2-trimethvlsilvl- 
3-nhenvlaziridine and pvrrolidine in the presence 
of boron trifluoride etherate 
1 solution of cis-l-phenyl-2-trimethylsilyl-3-phenyl- 
aziridine (0.1Og, 0.37 mmol) in dichloromethane (1 ml) 
was pre-cooled to -78 
°C. Pyrrolidine (0.03g, 0.37 mmol) 
was added to cold aziridine solution under nitrogen. The 
solution was stirred (', h) and boron trifluoride etherate 
(5 Al) was added dropwise at -78 
°C. The reaction 
mixture was stirred at that temperature ({h) and allowed 
to warm up to room temperature. The solution was 
quenched with aqueous sodium hydrogen carbonate (5 inl). 
The organic components were extracted with dichloromethane 
(2x5 ml) and the organic layer, comprising the extracts 
were dried over anhydrous magnesium sulphate. The filtered 
solution was concentrated to dryness. Analysis by 
1H 
n. m. r 
and glc showed recovery of the starting aziridine in 98o. 
5.3.50 Reaction of cis-1-propyl-2-trimethylsilyl-3- 
phenyl-N-methylaziridinium trifluoromethane- 
suiphonate with methanol in the presence of 
stoicheiometric amounts of sodium methoxide (222) 
A solution of sodium methoxide (O. 07g, 1.28 mmol) in 
methanol (0.5 ml) was added dropwise to a solution of 
-1-propyl-2-trimethylsilyl-3-phenyl-N-methylaziri-. 
dinium trifluoromethanesulphonate (O. 51g, 1.28 mmol) in 
methanol (5 ml). The reaction mixture was heated under 
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reflux at 65 
0C (114h) using a condenser fitted with a 
calcium chloride tube. The yellow reaction mixture was 
washed with distilled water (10 ml), extracted with 
diethyl ether (3x10 ml). The organic extracts were again 
washed with distilled water (2x30 ml) and dried over 
anhydrous magnesium sulphate. The filtered solution 
was concentrated to dryness to afford a yellow liquid 
containing unreacted aziridinium salt. The residual 
aziridinium salt was precipitated using hexane, was 
filtered off and washed with hexane. (0.02g). The filtrate 
and washings were concentrated to dryness to afford a. 
yellow liquid, (1-methoxy-l-phenyl-2-N-methyl-2-N-propyl- 
amino)ethane (0.14g, 53c): (Found: C, 75.2; H, 10.5; N, 
6.7. C13H21ON requires C, 75.3; H, 10.2; N, 6.8ö); 
max(neat) 
3100-3025,2960-2900,2870-2800,1490-1450,, 
1105,755,700 cm-1; 611(CDC13) 0.90 (t, 3H, CH3/Pr), 1.20- 
1.80 (m, 2H, CH2CH3/Pr), 2.30-2.90 ((; m, 2H(ring-opened CH2) 
+2H(CH2N/Pr)), (s, 3H, N-CH3)), 3.20 (s, 3H, OCH3), 
4.20-4.40 (d of d, 1H), 7.30 (s, 5H, Ph); SC(CDC13) 11.84 
(CH3/Pr), 20.10 (CH2CH3/Pr), 43.08 (N-Cl-I3), 56.76 (OCH3), 
60.26 (N-CH 
2/Pr), 
64.57 (-C(OMe) -CH2N-) , 82.15 (CH(OM1e)) , 
126.73 (C2 & C6/Ph), 127.65 (C4/Ph), 128.39 (C3 & C5/Ph), 
141.09 (C1/Ph); m/z 176 (1.47o, M-OCH3), 175 (2.7, M-CH 
M-CH 3OH), 162 
(6.2, M-OCH3-C2 H4), 146 (4.4, M-CH 30H), 
121 (3.5, PhCHOCH3), 105 (5.1, PhCHOH), 104 (5.3, 
PhCH=CH3), 91 (11, PhCH2), 86 (85.3, CH2N(CH3)Pr, 77 
(9.9, Ph), 73 (3.7, CH3OCH2-CH=NH), 44 (40.2, C3H8 or 
CH3N=H3), 43 (5.0, C3H7). 
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5.3.51 Reaction of cis-1-Dropyl-2-trimethylsilyl-3- 
phenyl-N-methvlaziridinium trifluoromethane- 
suiDhonate with methanol in the presence of 
catalytic amounts of sulphuric acid (221) 
A solution of cis-l-propyl-2-trimethylsilyl-3-phenyl-N- 
methylaziridinium trifluoro methanesulphonate (0.59g, 
1.49 mmol) in methanol (5 ml) was heated under ref: iux 
at 65 
OC in the presence of sulphuric acid (0.2c v/v), 
using a condenser fitted with a calcium chloride tube. 
After 4; 5h, the cooled mixture was neutralised with aqueous 
1M sodium hydrogen carbonate (. 10 ml) and extracted with 
diethyl ether (3x10 ml). The ethereal solution was 
dried over anhydrous magnesium sulphate. The filtered 
solution was concentrated to dryness to afford a pale 
yellow liquid, (1-methoxy-l-phenyl-2-trimethylsilyl-2-N- 
methyl-2-N-propyl amino) ethane (0.21g, 51%); one spot 
obtained by tlc using hexane as eluent. (Found: C, 68.8; 
H, 10.3; N, 4.4. C16H29ONSi requires C, 68.8; H, 10.5 
N, 5.01,7o); 
Ma(neat) 
3100-2800,1490,1450,1250,1085, 
950,835,760,700 cm-1; 
6H(CDC13) 
-0.19 (s, 9H, Sii1e3), 
0.85 (t, 3H, CH3/Pr), 1.17-1.87 (m, 2H, CH2CH3/Pr), 
2.47-2.87 ((s, 3H, N-CH3), (m=+ obscured d, 2H-(NCH2) & 
CHSiMe3), 3.07 (s, 3H, OCHS), 3.39 (d, 1H, J=10. OHz, 
CH(OA1e), 7.30 (s, 5H, Ph); 6C(CDC13) -0.63 (SiMe3), 
11.50 (CH3/Pr), 21.37 (CH2CH3/Pr), 40.50 (N-CH3), 55.44 
(OCH3), 66.61 (NCH2), 62.85 (CN(SiM1e3), 84.10 (CPh), 
126.32 (C2 & C6/Ph), 127.76 (C4/Ph), 128.28 (C3 & C5/Ph), 
264. 
139.77 (C1/Ph) ; m/2 247 (4.0 ö, bI-CH 30H) , 206 (6.7, 
M-SiMe 3) , 158 (100, C3H 7-N(CIi 3) =CHSiNe3 ), 130 (16.0, 
CH3N(CH3)=CHSiMe3), 77 (1.0, Ph), 73 (4.0, SiDie3), 28 
(2.0, Si). 
5.3.52 Reaction between cis- l-propyl-2-trimethvlsilyl- 
3-Dhenvl-N-methvlaziridinium trifluoromethane- 
suiphonate and methanol in the presence of 
trifluoroacetic acid 
A solution of cis- l-propyl-2-trimethylsilyl-3-phenyl-N- 
methylaziridinium trifluoromethanesulphonate (O. 15g, 
0.45 mmol) in methanol (1 ml), containing trifluoro- 
acetic acid (10141), was heated under ref lux at 65 
°C 
(lzh) under nitrogen. On concentration of the solution, 
the starting aziridinium salt was recovered in 100%-(as 
determined by 1H n. m. r). 
5.3.53 Reactions of cis-l-propyl-2-trimethvlsilvl-3- 
phenyl-N-methvlaziridinium trifluoromethane- 
sulphonate with aqueous hydrogen halides 
The reactions were carried out according to the general 
procedure described below. 
(i) Aqueous hydrogen iodide (57' 'w/v) 
A solution of aaueous hydrogen iodide (0.13g, 1.00 mmol) 
2 65 
in methanol (1 ml) was added dropwise to a stirred 
solution of 2is-l-propyl-2-trimethylsilyl-3-phenyl-: 4- 
methylaziridinium trifluoromethanesulphonate (0.368, 
0.91 mmol) in methanol (2 nil) at room temperature. 
After ih, the brown viscous reaction mixture was washed 
with aqueous sodium hydrogen carbonate (3 ml) and 
extracted with dichloromethane (2x5 ml). The extracts 
were"-dried over anhydrous magnesium sulphate and 
concentrated to dryness. The 
1H 
n. m. r analysis of the 
cowt; """9 &4. p. . ac-emsýýfekyde 
brown liquid was as follows: 4H(CDC13) 0.75-1.25 (t), 
1.55-2.25 (m), 2.45-3.25 (m), 2.66 (s), 3.60 (d4_CH2/ 
PhCH2CHO), 7.00-7.80 (m, Ph), 9.80"(t, CHO/PhCH2CH0). 
The reaction was also carried out in the absence of 
solvent and gave the same spectrum on 
1H 
n. m. r analysis. 
The product was characterised by comparison of its. 
1H 
n. m. r. spectrum with that of an authentic sample. 
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(ii) Aqueous hvdrooen bromide (4667; w/v) 
The reaction was carried out using cis-l-propyl-2- 
trimethylsilyl-3-phenyl-N-methylaziridinium trifluoro- 
methanesulphibnate (ß. 38q, 0.96 mmol) and aqueous 
hydrogen bromide (0.08g, 1.00 mmol). The reaction 
mixture afforded phenyl acetaldehyde as the major 
product (60`. 4, as determined by 
1H 
n. m. r): 6H(CDC13) 0.80- 
1.50 (m), 1.60-2.40 (m), 2.70-3.30 (m), 3.60 (d, CH2/ 
PhCH2CHO), 4.15-5.05 (AB quartet), 7.40-7.80 (m, Ph), 
9.80 (t, CHO/PhCH2CHO). On separation by column chroma- 
tography using a silica column, only products of 
decomposition were obtained. 
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(iii) Aqueous hydrogen chloride (36% w/v) 
The reaction was carried out using cis-l-propyl-2- 
trimethylsilyl-3-phenyl-N-methylaziridinium trifluoro- 
methanesulphonate (0.30g, 0.75 mmol) and aqueous 
hydrogen chloride (0.04g, 1.00 mmol). The brown reaction 
mixture afforded phenylacetaldehyde as major product 
(550, as determined by 
1H 
n. m: r. ) : 6H(CDCl3) 0.80-1.35 
(t), 1.50-2.25 (m), 2.45-3.25 (m), 3.60 (d, CH2/PhCH2CHO), 
7.00-7.80 (m, Ph), 9.80 (t, CHO/PhCH2CHO). 
However, the other products could not be characterised. 
5.3.54 Reactions of cis-l-propyl-2-trimethylsilyl-3- 
phenyl-N-methylaziridinium trifluoromethane- 
sulphonate with gaseous hydrogen halides 
The reactions were carried out according to the general 
procedure described below. 
(i) Gaseous hydrogen bromide 
Hydrogen bromide was slightly sparged in a solution of 
cis-l-propyl-2-trimethylsilyl-3-phenyl-N-methylaziridi= 
nium trifluoromethansulphonate (O. 21g, 0.53 mmol) in 
dichloromethane (4 ml) for 20 mins. The reaction was 
monitored by 
1H 
n. m. r at 5 mins intervals. The reaction 
mixture was concentrated to afford a brown viscous 
liquid (0.19g). ( (neat) 3600-3250,3250-2550,2480, 
max 
2400,2220,1720,1690,1600,1495-1350,1330-1200, 
1160,1120-950,915,850,800,780-680 cm 
1; 
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SH(CDC13) 0.75-1.35 (m), 1.50-2.30 (. ill-defined), 2.60- 
3.20 (ill-defined), 3.50-5.00 (weak resonances), 6.90- 
7.20 (broad singlet), 8.00-8.90 broad resonance). 
Separation by column chromatography gave products of 
decomposition. 
(ii) Gaseous hydrogen chloride 
The reaction was carried out using gaseous hydrogen 
chloride and a solution of cis- 1-propyl-2-trimethylsilyl- 
3-phenyl-N-methylaziridinium trifluoromethanesulphonate 
(O. 21g, 0.53 mmol) in dichloromethane (4 ml). 
1Hn. 
m. r 
analysis of the reaction mixture showed complete 
recovery of the starting aziridinium salt. 
5.3.55 Reactions of cis- 1-proovl-2-trimethylsilyl-3- 
phenvl-N-methylaziridinium trifluoromethane- 
sulphonate with trimethylsilyl halides 
The reactions were carried out according to the general 
procedure described below. 
(i) Trimethvlsilyl iodide 
Trim ethylsilyl iodide (O. 09g, 0.46 mmol) was syringed 
dropwise to a solution of cis-l-propyl-2-trimethylsilyl- 
3-phenyl- N-methylaziridinium trifluoromethanesulphonate 
(0.18g, 0.46 mmol) in deuterated chloroform (0.5 ml) 
under nitrogen in an n. m. r tube with a serum cap. 
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After 2 mins, the reaction mixture was shaken to 
afford a brown solution. Purification of the solution 
on a silica column gave products of decomposition as 
indicated by the 1H n. m. r spectrum. However, the product 
could not be characterised:. max (neat) 3600-3250 (broad), 
3240-2560,1725,1690,1600,1495-1340,1340-1200, 
1125-940,918,895-800,77,660 cm-1; 6H(CDC13) 0.07 
((Me3Si)20), 0.77 (r; e3SiI), 0.80-1.30 (t, CH3? ), 1.40- 
2.40 (m, ill-defined), 2.60-3.30 (m,? ), 3.55-5.30 
(m, weak resonances), 6.60-7.80 (m, Ph? ) 
(ii) Trimethylsilyl bromide 
The reaction was carried out using gj5-1-propyl-2-tri- 
methyl-3-phenyl-N-methylaziridinium trifluoromethane- 
sulphonate (0.119,0.27 mmol) and trimethylsilyl bromide 
(0.04g, 0.27 mmol). The mixture was vigorously shaken 
to afford a brown solution. After 5 mins, the reaction 
mixture was analysed by 
1Hn. 
m. r: 6H(C'-IC13) 0.07 
((Me3Si)20), 0.53 (Me3SiBr), 0.75-1.15 (t), 1.35-2.15 
(ill-defined), 2.35-3.25 (ill-defined), 2.80 (s), 
3.70-4.25 (ill-defined), 5.15 (d, J=14Hz), 6.85 (d, 
J=14Hz), 7.15-7.65 (m, Ph). The solution was concentrated 
and was analysed as follows: - max(neat) 3300-2600, 
1730-1550,1500-1350,1330-1200,1160,1030,915,845, 
800-730 cm-1; 16 H(CDC13) 
0.07 ((Me3Si)20), 0.80-1.10 
(t), 1.50-2.10 (m), 2.40-3.00 (m), 3.50=4.20 (m), 7.20- 
7.50 (2 singlets); Tlc, using hexane: d&ethyl ether 
((1: 4) as eluent showed one spot. However, the. product 
could not be characterised. 
(iii) Trimethvlsilvl chloride 
The reaction was carried out using cis-l-propyl-2- 
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trimethylsilyl-3-phenyl-N-methylaziridinium trifluoro- 
methanesulphonate (0.10g, 0.26 mmol) and trimethylsilyl 
chloride (0.03g, 0.26 mmol) in deuterated chloroform 
(0.5 ml). After 4 days, the yellowish brown reaction 
mixture was analysed by 
1H 
n. m. r: 6H(CDC13) 0.07 (s, 
(Me3SiO)2), 0.40 (s, Ne3SiCI), 0.60-1.30 (t), 1.40- 
2.30 (ill-defined multiplet), 2.50-4.50 (ill-defined 
multiplet), 2.80 (s), 7.20-8.00 (2 broad singlets, Ph). 
5.3.56 Raaction of cis-l-nroDvl-2-trimethvlsilvl-3- 
Dhenyl-N-methylaziridinium trifluoromethane- 
Su7phona e with trimethvlsilvl pseudohalides 
The reactions were carried out according to the general 
procedure described below. 
(i) Trimethylsilyl cyanide 
Trimethylsilyl cyanide (0. llg, 1.13 mmol) was syringed 
dropwise. '-'to a solution of cis-l-propyl-2-trimethyl_ 
silyl-3-phenyl-N-methylaziridinium trifluoromethane- 
sulphonate (0.30g, 0.76 mmol) in dichloromethane (5 ml). 
The reaction mixture was heated under reflux at 40 °C 
(2h) under nitrogen to give a yellow-brown solution. 
The reaction mixture was concentrated to dryness to 
give brown viscous liquid (0.19g) which was analysed 
as follows: max(neat) 3400,3200-2900,2880,1685, 
1500,1300-1200,1160,1030,845,753,705,637 cm-1; 
6H(CDC13) -0.10 (s), 0.90-1.50 (ill-defined triplet), 
1.60-2.40 (ill-defined multiplet), 2.70-3.40 (multiplet), 
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3.60-5.00 (m), 7.30-7.90 (2 broad singlets, Ph), 
8.00-8.80 (broad, NH). 
(ii) Trimethvlsilyl azide 
The reaction was carried out using trimethylsilyl 
azide (O. 13g, 1.13 mmol) and cis-1-propyl-2-trimethyl- 
silyl-3-phenyl-N-methylaziridinium trifluoromethane- 
sulphonate (0.30g, 0.76 mmol) in dichioromethane (5 ml). 
After 2h, the starting aziridinium salt was recovered 
in 995o yield. 
5.3.57 Reaction between cis-1-oronvl-2-trimethvlsilvl- 
3-Dhenyl-N-methvlaziridinium trifluoromethane- 
sulphonate and methyl magnesium iodide 
Methyl magnesium iodide was prepared by the method of 
Vogel, 
8 
using magnesium (O. 04g, 1.81 mmol) and methyl 
-iodide (O. 26g, 1.75 mmol) in dry THE (6 ml). A suspension 
of cj-l-propyl-2-trimethylsilyl-3-phenyl-N-methyl- 
aziridinium trifluoromethanesulphonate (O. 6Og, 1.51 mmol) 
in dry THE (2 ml) was added slowly to the grignard 
solution to give a milky yellowish solution. The 
reaction was allowed to stir under nitrogen at room 
temperature (ih). It was then hydrolysed with O. 5M 
hydrochloric acid (25 ml), extracted with diethyl 
ether (2x25 ml) and the organic extracts were washed 
with aqueous sodium hydrogen carbonate (2x25 ml). The 
ethereal solution was dried over anhydrous magnesium 
sulphate. The filtered solution was. concentrated to 
dryness to afford a yellowish brown solution (O. 19g). 
271. 
Analysis of the reaction mixture gave the following: 
max(neat) 
3398,3028,2478,1959,1880,1814,1760, 
1687,1600,1495,1454,1412,1254,1214,1157,1077, 
1030,915,845,794,761,701 cm-1; H(CDC13) 0.60 
1.40 (ill-defined triplet), 1.50-2.20 (m), 2.30-3.20 
(m), 3.60-3.80 (ill-defined resonance), 7.10-7.90 
(m, Ph), 9.80 (t, CHO/PhCH2CHO). 
21 
5.3.58 Reaction between cis-1-propyl-2-trimethylsilyl- 
3-phenyl-N-methylaziridinium trifluoromethane- 
sulphonate with sodium iodide 
A solution of sodium iodide (0.17g, 1.14 mmol) in 
ethanol (1 ml) was added dropwise to a stirred solution 
of cis-l-propyl-2-trimethylsilyl-3-phenyl-N-methyl. -aziridi- 
nium trifluoromethane sulphonate(0.38g, 0.95 mmol) in 
ethanol (1 ml). The reaction mixture was stirred at 
room temperature under nitrogen (2h). Distilled water 
(5 ml) was added to the solution and the organic 
components were extracted using dichloromethane (10 ml). 
On concentration of the extracts a brown viscous 
liquid was obtained. T. l. c examination gave two compo 
nents. 
1H 
n. m. r analysis showed the formation of 
phenylacetaldehyde and another product which could not 
be characterised: GH(CDC13) 0.06 (s), 0.80-1.20 (ill- 
defined triplet), 1.50-2.10 (ill-defined multiplet), 
2.60-3.20 (m), 3.60 (d, CH2/PhCH2CHO), 4.00-4.70 
(broad multiplet), 7.10-7.70 (m, Ph), 9.80 (t, CHO). 
272. 
5.3.59 Reaction between cis-1-propyl-2-trimethylsilvl-3- 
phenyl-N-methylaziridinium trifluoromethane- 
sulphonate and sodium hydroxide 
An excess-of aqueous sodium hydroxide (2M) '(5 ml) was 
shaken with cis-l-propyl-2-trimethylsilyl-3-phenyl-N- 
methylaziridinium trifluoromethanesulphonate (O. 30g, 
0.75 mmol). The solution was then heated at 45 
°C (/h). 
The reaction mixture was allowed to cool down to room 
temperature and was extracted with dichloromethane 
(2x5 ml). On concentration to dryness, the extract 
was analysed by 
1H 
n. m. rs 6H(CDC13) 0.93 (m), 2.28 
(m), 
(m). 
3.23 (m), 4.73 (broad, ill-defined), 7.05-7.30 
5.3.60 Reaction between cis-l-propel-2-trimethylsilyl- 
3-nhenvl-N-methylaziridinium trifluoromethane- 
sulnhonatg and sodium-cyanide 
A solution of cis-l-propyl-2-trimethylsilyl-3-phenyl-N- 
methylaziridinium trifluoromethanesulphonate (0.25g, 
0.63 mmol) in methanol (2 ml) was added to a solution 
of sodium cyanide in methanol 
(1.5 ml) under nitrogen. 
The reaction was allowed to stir at room temperature 
(ih) to afford a brown viscous oil. The reaction 
mixture was washed with distilled water (5 ml) and 
extracted with dichloromethane (, 2x5 ml). The organic 
extracts were concentrated to dryness to give a brown 
liquid : ýaX(neat) 3060-3020,2980-2780,2240,1655, 
273. 
1495,1450,1100,840,755,700 cm-1; 6 H(CDC-1: 3) 0.60- 
1.10 (m), 1.10-1.90 (m), 2.20(s), 2.32 (s), 2.14-2.60 
(m), 2.70-3.20 (m), 3.62-4.40 (m), 7.30-7.50 (m). 
5.3.61 Reaction between cis-l-propyl-2-trimethylsilyl-3- 
phenyl-N-methylaziridinium trifluoromethane- 
sulphonate and sodium azide 
A solution of cis-l-propyl-2-trimethylsilyl-3-phenyl- 
N-methylaziridinium trifluoromethanesulphonate (0.20g, 
0.50 mmol) in methanol (2 ml) was added dropwise to 
a solution of sodium azide (0.06g, 0.92 mmol) in 
methanol (2 ml). The reaction mixture was allowed to 
stir at room temperature (1h) under nitrogen to afford 
a brown liquid. The solution was washed with distilled 
water (5 ml) and extracted with dichloromethane (2x10 ml). 
The organic extracts were concentrated to dryness to 
give a brown liquid: 6H(CDC13) 0.27 (s), 0.70-1.20 (t), 
1.40-2-10 (m), 6.50 (broad singlet,. exchangeable with 
D20), 7.00-8.00 (m, -Ph). 
ý 
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5.3.62 Reaction between a mixture of trans- /cis- 
1-phenyl-2-trimethvlsilvl epoxides (in the ratio 
of 22: 78c@ and trimethvlsilvl halides 
The reactions were carried out according to the general 
procedure described below. 
Trimethvl silyl iodide (235) 
Trimethylsilyl iodide (0.21g, 1.04 mmol) was added 
dropwise from a syringe to a solution of trans- and 
cis-l-phenyl-2-trimethylsilyl epoxides (in the ratio- 
of 22: 78o i Cf Section 5.2) (0.20g, 1.04 mmol) in 
deuterated chloroform (0.5 ml) in an n. m. r tube fitted 
with a serum cap under nitrogen. The solution was 
shaken vigorously and after 1 min, the solution afforded 
tr ans- ß-iodostyrene (969, 
based on 
1H 
n. m. r). Gic 
showed presence of one major component. The product 
was confirmed by comparison of its spectrum with that 
, 22 of an authentic sample. 
(ii) Trim thvlsilvl bromide (234) 
The reaction was carried out using trimethylsilyl 
bromide (1.60g, 1.04 mmol) and a mixture of trans- 
and cis-l-phenyl-2-trimethylsilyl epoxides (Cf Section 
5.2). After 3 wins, the reaction mixture afforded tran 
(98%, based on 
1H 
n. m. r). Glc showed 
only one major component. The product was confirmed 
by comparison-of its spectrum with that of an authentic 
22 
sample. 
275. 
(iii) Trimethylsilyl chloride (233) 
The reaction was carried out using trimethylsilyl 
chloride (0.02g, 0.21 mmol) and a mixture of trans- 
and cis-l-phenyl-2-trimethylsilyl epoxides (0.80g, 
0.21 mmol). After 2h, the reaction mixture afforded 
trap -$-chlorostyrene 
(99%, based on 
1H 
n. m. r). Glc 
showed only one major component. The product was 
confirmed by comparison of the spectrum with that of 
an authentic sample. 
23 
5.3.63 Reactions of 2-trimethylsilyl-l-oxaspiro[2,5]" 
octane with trimethylsilyl halides 
(i) Trimethvlsilvl iodide (240) 
See Reaction 5.3.62 for conditions. The reaction was 
carried out using trimethylsilyl iodide (0.058, 
0.36 mmol) and 2-trimethylsilyl-l-oxaspiro[ 2,5 ]octane 
(0.07g, 0.36 mmol). After 12h, the reaction afforded 
1,1-cyclohexyl-2-iodoethene (786, based on 
'H 
n. m. r); 
SH(CDC13) '0.60-2.00 (m, 6H, cyclohexyl H's), 2.28 (m, 4H, 
CH2C=), 5.75 (m, 1H, =CH); 
SC(CDC13) 25.28,26.42,33.43 
(cyclic C's), 36.65 (=CH). The product was confirmed by 
comparison of the 
1H 
n. m. r. spectrum with that of an 
authentic sample. 
24 The other products were not charac- 
terised. 
(ii) Trimethvlsilyl bromide (239) 
See Reaction 5.3.62 for conditions. The reaction was 
7 
carried out using trimethylsilyl bromide (0.17g, 
1.09 mmol) and 2-trimethylsilyl-l-oxaspiro[2,5]- 
octane (0.20g, 1.09 mmol). After 18h, the reaction 
276. 
afforded 1,1-cyclohexyl-2-bromoethene (75%, based on 
1H 
n. m. r. ); SH(CDC13) 1.00-2.20 (m, 6H, cyclic H's), 2.27 
(m, 4H, CH2C=), 5.86 (1H, =CH); 6c(CDC13) 26.13,27.80, 
31.02,35.50 (cyclic C's), 127.99 (C/C6H1O), 97.54 (=CH). 
The product was confirmed on the basis of its 
1H 
n. m. r. 
spectrum compared with that of an authentic sample 
25 
(iii) Trimethvlsilyl chloride (238) 
See Reaction 5.3.62 for conditions. The reaction was 
carried out using trimethylsilyl chloride (0.12g, 
1.09 mmol) and 2-trimethylsilyl-l-oxaspiro[2,5]octane 
(O. 20g, 1.09 mmol). After 20h, the reaction afforded 
1,1-cyclohexyl-2-chloroethene (70G, based on 
1H 
n. m. r); 
6H(CDC13) 0.70-3.00 (m, 1OH, C6H1O), 5.75 (1h, =CH); 
SC(CDC13) 26.60,27.80,34.07,142.01 (C6H1O); 108.34 
(=CH). The product was characterised by comparison 
of its 
1H 
n. m. r spectrum with that of an authentic 
sample. 
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5.3.64 Reactions of 1,1-diphenyl-2-trimethvlsilyl 
epoxide with trimethylsilvl halides in catalytic 
quantities 
(i) Trimethylsilyl iodide (243) 
See Reaction 5.3.62 for conditions. The reaction was 
carried out using trimethylsilyl iodide (7 M'91 
0.03 mmol) and 1,1-diphenyl-2-trimethylsilyl epoxide 
(0.18g, 0.68 mmol). After 2 mins, the reaction afforded 
reddish brown liquid containing 1,1-diphenyl_2_trimethyl- 
silylenol ether (100%, based on 
1H. 
n. m. r. ); Found. -C, 76.1; 
277. 
H, 7.3; N, 5.9. C17H200Si requires C, 76.1; H, 7.5; N, 607c. 
rmax(neat) 3100-3020,2960,2900, 
, 
1625,1600,1523, 
1475,1443,1250,1215,1119,1072,1030,955,910, 
850,765,700 cm-1; ÖH(CDC13) 0.40 (s, 9H, Si1Je3)9 
6.90 (s, 1h, NCH), 7.50 (s, 1OH, Ph); %(CDC13) 0.46 
(SiM e3), 128.16,128.62,128.97,130.34 (king C's), 
138.68 (CiiSiMe3), 141.26 (=CPh2). Trimethylsilyl iodide 
was ýl/: Llr^ F'. 
ý 
Oý', Ytnyjý rf tti(, ioº1' 
(ii) Trimethylsilyl bromide (243) 
See Reaction 5.3.62 for conditions. The reaction was 
carried out using trimethylsilyl bromide (5 mg, 
0.04 mmol) and 1,1-diphenyl-2-trimethylsilyl epoxide 
(0.19g, 0.70 mmol). After 10 mins, the reaction afforded 
1,1-diphenyl-2-trimethylsilylenol ether (100%, based on 
1H 
n. m. r. ). The product was confirmed by comparison of 
spectra with that of an authentic sample (Cf Reaction 
5.3.64(i)) . Trimethylsilyl bromide was nJ cohýKM 
l-l Ll  -j /'e 4( O 
(iii) 
J 
Trimethylsilyl chloride (243) 
See Reaction 5.3.62 for conditions. The reaction was ý 
carried out using trimethylsilyl chloride (4 mg, 
0.04 mmol) and 1,1-diphenyl-2-trimethylsilyl epoxide 
(0.19g, 0.71 mmol). After 2h, the yellow solution 
afforded 1,1-diphenyl-2-trimethylsilylenol ether (100% 
based on 
1H 
n. m. r. ). The product was confirmed by compa- 
rison of spectra with that of an authentic sample 
(Cf Reaction 5.3.64(1)). Trimethylsilyl chloride was 
n vý Co.. _. ,ri Jl. ý, ýt'ul 
"`L výcý ý.: o ". 
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5.3.65 Reaction between a mixture of trans- and cis- 
1-phenyl-2-trimethylsilyl epoxides (22:? 8 ) 
änd trimethylsilyl cyanide (236) 
A solution of trans- and cis- l-phenyl-2-trimethylsilyl 
epoxides (0.64g, 3.34 mmol) in dichloromethane (0.5 mll 
was added dropwise from a syringe to a solution 
containing trimethylsilyl cyanide (0.25g, 4.48 mmol) 
and aluminium chloride (0.06g, 0.45 mmol) in dichloro- 
methane (1 ml). The yellow reaction mixture was alloyed 
to stir at room temperature under nitrogen (ih) and 
was then heated under ref lux at 40 
°C (ih). The 
cooled reaction mixture was filtered and the clear 
yellow solution was concentrated to dryness to afford 
a thick brown-yellow liquid. The major product was 
(1-cyano-l-trimethylsilyl-2-trimethylsiloxy)phenyl- 
ethane (0.4g, 41%)-; V max 
(thin film) 3090-3030,2960- 
2900,2220,1600-1500,1120-1050,930-700 cm-1; 
öH (CDC13 ) 0.00 ( s, 9H, Siýie3) , 0.10 (s, 9H, OSiNe3) , 
2.20 (d, 1H, J=5.6 `Hz, CHSiMe3) , 4.87 (d, 1H, J=5.6 Hz, 
CHPh), 7.35 's, 5H, Ph); 6C(CDC13) -2.59 (SiMe3), 0.06 
(O5il'1e3) , 32.11 
(CHSi1'1e3) , 72.84 (CHPh), 126.09,127.01, 
128.33,142.64 (Ph C's). 
5.3.66 Reaction between a mixture of trans- and cis- 
1-12henvl-2-trimethvlsilvl eooxides (22: 78) . 
and trimethvlsilvl azide (237) 
A solution of trans-'and'cis-l-phenyl-2-trimethylsilyl 
epoxides (O. 31g, 1.61 mmol) in dichloromethane (2 ml) 
2 79 . 
was added to a solution of trimethylsilyl azide (0.28g, 
2.41 mmol) and zinc chloride (0.03g, 0.22 mmol) in 
dichloromethane (7 ml) under nitrogen. The reaction 
mixture was allowed to stir at room temperature under 
nitrogen ('h) and was then heated under reflux at 40 
0C 
(53-4h). The orange-yellow solution was filtered. The 
clear reaction mixture was concentrated to dryness to 
afford a mixture of Q. j. and r ns- -azidostyrene 
(ca. 3: 1,50%); 6H(CDC13) 5.25 (d, 1H, Jcis-6 Hz), 6.11, 
6.32 (2d, 2H, Jtrans-14 Hz), 7.00-7.60 (m, Ph). The 
product was confirmed by comparison of its spectrum 
with that of an authentic sample. 
27 
The other products 
were not characterised. 
5.3.67 Reaction between 2-trimethylsilyl-l-oxaspiro_ 
(2,5 ]octane ! and trimethylsilyl cyanide (241) 
See Reaction 5.3.65 for conditions. The reaction was 
carried out using trimethylsilyl cyanide (O. 18g, 
1.79 mmol), 2-trimethylsilyl-l-oxaspiro[2,5]octane 
(O. 30g, 1.63 mmol) and aluminium chloride (0.07g, 
0.52 mmol). After 'h, on work-up, the reaction afforded 
1,1-cyclohexyl-2-cyahbethene`(50%, based on 
1H 
n. m. r); 
ÖH(CDC13) 1.48-2.68 (m, 1OH, C6H1O)9 5.06 (m, 1H, =CH). 
The product was confirmed by comparison. of '. 
its 1H n. m. r. 
28 
spectrum with that of an authentic sample. 
280. 
5.3.68 Reaction between 2-trimethylsilyl-l-oxaspiro_ 
[2,5]octane ? and trimethylsilyl azide (242) 
See Reaction 5.3.66 for conditions. - 
The reaction was 
carried out using 2-trimethylsilyl-l-oxaspiro[2,5] 
octane (O. 30g, 1.63 mmol), trimethylsilyl azide 
(0.28g, 2.44 mmol) and zinc chloride (0.03g, 0.22 mmol) 
in dichloromethane (12 ml). An orange-yellow solution 
was obtained after heating under ref lux (ih). On 
work-up, an orange-yellow liquid was obtained. Tlc 
showed the presence of two major components.. 
1H 
n. m. r 
showed formation of 1-cyclohexyl-2-azidoethene (45.7.1 
6, 
H 
(CDC13) 1.53-2.09 (m, 10H, C6H1O), 5.86 (m, 1H, =CH); 
öc(CDC13) 25.57-30.799'122.71 (C6H1Ö), 130.29 (=CH). 
The product was characterised by comparison of spectra 
with that of an authentic sample. 
29 
5.3.69 Reaction between 1,1-diphenyl-2_trimethylsilyl 
epoxide and trimethylsilyl cyanide (243) 
See Reaction 5.3.65 for conditions. The reaction was 
carried out -Using 1,1-diphenyl-2-trimethylsilyl 
epoxide (O. 60g, 2.24 mmol), trimethylsilyl cyanide 
(O. 24g, 2.46 mmol) and zinc chloride (O". 34g, 2.46 mmol) 
in dichloromethane (12 ml). On work-up, the reaction 
afforded 1,1-diphenyl-2-trimethylsilylenol ether 
(O. 59g, 98%). The product was confirmed by comparison 
of spectra with those of an authentic sample (Cf 
Reaction 5.3.64(i)). Trimethylsilyl cyanide was reco- 
vered quantitatively. 
ý 
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5.3.70 Reaction between 1,1-diphenyl-2-trimethylsilyl 
epoxide and trimethylsilyl azide (243) 
See Reaction 5.3.66 for conditions. The reaction was 
carried out using 1,1-diphenyl-2-trimethylsilyl 
epoxide (O. 40g, 1.49 mmol), trimethylsilyl azide 
(O. 26g, 0.22 mmol)., zinc chloride (O. 03g, 0.22 mmol) 
in dichloromethane (12 ml). The reaction mixture was 
heated under reflux at 40 
0C (1h). On work-up, the 
reaction afforded 1,1-diphenyl-2-trimethylsilylenol 
ether (O. 39g, 985c). The product was confirmed by 
comparison of spectra with that of an, authentic sample. 
(Cf Reaction 5.3.64(i) ). 
ý 
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